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The  aim  in  writing  this  book  has  been  to  give  data,  details  and  tables  for  the  design  and 
construction  of  steel  bridges  and  buildings.  The  book  is  written  for  the  structural  engineer  and 
for  the  student  or  engineer  who  has  had  a  thuruugh  course  in  applied  mechanics  and  the  calcu- 
Ution  of  strcasea  in  structures.  To  this  end  data  and  tables  that  will  be  of  service  to  the  designing 
and  constructing  engineer  have  been  gi%'en,  rather  than  prcdigested  data  and  designs  that  might 
be  used  by  the  untrained.  The  book  is  intended  as  a  working  manual  fur  the  engineer,  draftsman 
and  student  and  covers  data,  details  and  tables  for  the  design  of  the  structures  ordinarily  met 
with.  Swing  and  movable  bridges,  cantilever  and  suspension  bridges  require  special  treatment 
aad  have  not  been  considered.  As  the  book  is  intended  to  supplement  the  present  books  on 
fltrfsses  the  calculation  of  stresses  in  bridges  and  buildings  has  been  only  briefly  considered. 
The  cabrulalion  of  stresses  in  retaining  walls,  bins,  stand-pipes,  and  other  structures  nttt  ordinarily 
covered  in  text-books  on  stresses  have  been  given  in  compact  form.  Great  care  has  been  used 
to  give  examples  of  structures  that  represent  standard  practice.  With  a  few  exceptions  the  draw- 
ings  of  details  of  structures  have  l>cen  especially  prepared  for  this  book  from  actual  working  plans. 
The  book  is  a  source  buuk  and  is  not  a  treatise,  and  is  intended  to  furnish  data  and  detaiU  that 
are  available  only  to  a  few  engineers;  and  standard  specifications  fornraterialBand workmanship 
that  are  available  only  in  transactions  of  societies  and  in  special  treatises. 

The  tabk^s  giving  properties  of  columns,  top  chords.  pUite  girders  and  struts  have  been  cal- 
culated especially  for  this  book,  and  arc  original  in  material  and  arrangement.  In  calculating 
the  tables  only  those  sections  which  comply  with  standard  specifications  have  been  given.  The 
Ubles  have  been  calculated  by  the  use  of  calculating  machines  and  have  been  checked  v^ith  great 
care.  The  values  will  be  found  to  be  correct  to  one  unit  in  the  last  place  given.  Properties  of 
Carnegie  and  Bethlehem  sections  are  given  in  a  compact  form  for  easy  reference.  The  tangents 
of  the  angle  of  the  axh  giving  the  least  radius  of  gyration,  given  in  the  tables  giving  properties 
of  Carnegie  angles,  were  taken  from  Cambria  Steel.  Wiih  the  exceptit>n  of  a  few  special  1  beams 
and  channels  the  tables  may  be  used  for  Cambria.  Pencuyd  and  Junes  &  Laughlin  angles.  I  beams 
and  channels.  The  -American  Bridge  Company  standards  fur  eyr-hars,  loop-bars,  clevises,  pins, 
and  other  structural  details  are  given.  Tables  of  logarithms,  function  of  angles  and  tables  that 
are  easily  available  liavc  not  been  included. 

The  size  of  the  book  and  the  size  of  the  type  page  were  selected  for  the  reasons  that  they  give 
•  book  of  standard  size  with  a  type  page  large  enough  so  that  each  table  can  come  squarely  on  one 
pA(c,  and  large  enough  so  that  complete  plans  of  structures  can  be  given.  A  large  clear  type  was 
ariectcd  for  both  the  text  and  for  the  tables.  The  jiaper  has  been  selected  with  the  idea  of  dcar- 
nciH  of  the  printed  page. 

This  t^ook  is  a  result  of  many  years'  work,  during  which  time  the  author  has  written  four 
books  on  structumi  engineering.  In  writing  this  bixik  the  author  has  drawn  on  his  other  txM>ks, 
although  much  of  the  material  given  on  steel  mill  buildings  and  highway  bridges  is  new,  and  the 
SUnctural  Engineers'  Handbook  supplements  the  author's  other  books. 

Data  and  details  have  been  obtained  from  many  sources,  to  which  credit  has  been  given  in 
ibe  body  of  the  book.     The  author  is  under  special  obligation  to  many  engineers,  to  which  s[x^ial 

lowledgmcnt  cannot  l>e  made  on  account  of  lack  ol  spare. 
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In  writing  this  book  the  author  has  been  assisted  by  several  of  his  former  students.  Credit 
is  due  to  Mr.  I.  C.  Crawford,  Instructor  in  Civil  Engineering,  for  assistance  in  calculating  tables 
and  reading  proof;  to  Mr.  C.  S.  Sperry,  Instructor  in  Engineering  Mathematics,  for  assistance  in 
calculating  tables;  to  Professor  H.  C.  Ford,  of  Iowa  State  College,  and  Mr.  T.  A.  Blair,  Instructor 
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In  this  edition  details  of  steel  windows  and  doors,  data  on  cement  and  gypsum  tile  roofs, 
solutions  for  bending  moments  in  mill  building  columns  and  stresses  in  stiff  frames  have  been  added 
to  Chapter  I,  and  Chapter  III,  Steel  Highway  Bridges,  has  been  rewritten  and  enlarged.  All 
known  errors  have  been  corrected.  Duties  required  of  the  author  as  Assistant  Director  in  Chargfe 
of  Construction  of  the  U.  S.  Government  Explosives  Plant,  Nitro,  West  Virginia,  have  made  it 
impossible  to  complete  a  more  thorough  revision  that  was  planned. 

M.  S.  K. 

U.  S.  Government  Explosives  Plant  "C," 
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IntroductioiL — The  book  is  divided  into  two  parts  which  are  self  containod.  Part  I  includes 
a  discussion  of  the  design  of  structures  and  gives  data  and  details  for  the  design  of  steel  bridges 
and  buildings.  Part  H  contains  tables  for  structural  design  and  includes  tables  giving  the  proper* 
tin  of  rolled  sections,  properties  of  built-up  sections  for  chords,  columns,  struts,  plate  girders, 
etc.,  and  data  for  standard  structural  details. 

PART  I. 

Data  and  Details  for  the  Design  and  Construction  of  Steel  Bridges 

AND  Buildings. 

Introduction. — The  discussion  in  Part  I  has  been  limited  to  steel  bridgos  and  buildings  and 
other  simple  steel  structures;  no  reference  being  made  to  swing  and  movable  bridges,  Ciinlilcvcr 
and  suspension  bridges.  The  design  of  a  bridge  includes  the  design  of  the  substructure  as  well  as 
the  superstructure,  so  that  the  design  of  retaining  walls  and  bridge  abutments  has  been  briefly 
discussed.  Timber  trestles  and  bridges  arc  refjuired  for  temporar>-  structures  and  for  the  erection 
of  steel  stnicturcs,  and  a  brief  discussion  of  limber  trestles  and  bridges  is  therefore  properly 
included. 

The  design  of  a  structure  requires  not  only  a  kno«'Iedgc  of  the  properties  of  materials  and  the 
ability  to  calculate  the  stresses,  but  also  a  knowktlge  of  local  conditions  and  requirements,  of 
economic  design,  of  details  of  construction,  of  meth<xls  of  erection,  methods  of  fabrication  and 
their  effect  on  cost,  and  of  many  other  matters  which  limit  the  design.  The  most  economical 
ttructurc  for  any  given  conditions  is  the  one  which  will  give  the  greatest  service  for  the  least 
money,  quality  of  service  and  the  life  of  the  structure  being  given  proper  consideration.  Financial 
limttatiuns  often  limit  the  design  and  the  problem  then  is  to  design  a  structure  that  will  give 
sati^aciory  service  with  the  money  available. 

To  design  a  satisfactory  structure  when  timitcfl  by  financial  considerations  is  a  problem  that 

rircs  the  exercise  of  the  highest  possible  slrill  on  the  part  of  the  engineer.  He  must  be  able  to 
aneci>nomical  type  of  structure;  he  must  makeanaccurateestimateof  the  loads  to  be  carried 
the  structure;  he  must  be  able  to  calculate  the  stresses  with  accuracy;  he  must  make  the  de- 
Vulc<\  design  with  due  reference  to  ease  of  obtaining  the  material,  the  cost  of  shop  work,  and  the 

of  erection. 

The  shop  cost  of  stce!  structures  varies  with  the  type  of  structure,  the  sizct  and  weight  of  the 
members  and  ufjon  the  make-ftp  of  the  memt^ers  and  the  details.  By  using  fewer  and  larger  mem- 
bers, by  using  rolled  beams  and  columns  in  the  place  of  built-up  plate  girders  and  columns,  and  by 
using  tie  plates  in  the  place  of  lacing,  the  shop  cost  per  pound  of  a  railroad  bridge  may  !«  materially 
redure<|.  If  the  simplification  of  the  design  is  carried  too  far  the  reduction  in  shop  cost  will  result 
in  a  material  increase  in  the  u'eight  of  the  bridge,  and  in  an  increase  in  the  cost  of  the  bridge, 
with  a  'Ircrease  in  efficiency.  The  details  of  the  design  of  a  structure  should  lie  worked  out  with 
reference  to  ease  and  economy  of  erection  as  well  as  ease  and  low  cost  of  fabrication.  While  the 
standardizing  of  connections  so  that  multiple  punches  may  be  used  may  result  in  a  considerable 
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saving  in  shop  cost,  it  often  results  in  a  material  increase  in  the  weight  of  the  details  of  the  struc- 
ture, and  in  the  number  of  field  rivets,  so  that  the  efficiency  of  the  structure  is  not  increased, 
and  the  final  cost  of  the  structure  is  not  reduced.  The  author  has  in  mind  a  case  where  to  change 
the  details  of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details 
equal  to  5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  the  number  of  field 
rivets,  with  no  increase  in  efficiency. 

The  best  results  are  obtained  when  the  structural  engineer  prepares  carefully  worked  out 
detail  drawings  (not  shop  drawings)  in  which  the  efficiency  of  the  structure,  eaae  of  fabrication 
and  ease  of  erection  arc  given  due  consideration.  The  shop  drawings  may  then  be  prepared  by 
the  bridge  company  to  take  the  greatest  possible  advantage  of  improved  shop  methods  without 
decreasing  the  efficiency  of  the  structure,  or  increasing  the  total  weight,  or  increasing  the  cost  of 
erection. 

Part  I  is  divided  into  seventeen  chapters,  of  which  the  first  eleven  chapters  cover  different 
types  of  structures,  and  the  last  six  chapters  cover  subjects  which  apply  to  all  types  of  steel  con- 
struction. While  the  aim  has  been  to  present  the  largest  possible  amount  of  information  in  the 
limited  space,  each  subject  presented  is  discussed  briefly  in  a  logical  order. 

While  the  author  has  drawn  on  his  other  books  in  the  various  chapters,  the  reader  will  find 
much  new  material  on  the  subjects  covered  in  the  other  books,  especially  in  Chapter  I,  Steel  Rocrf 
Trusses  and  Mill  Buildings,  and  Chapter  III,  Steel  Highway  Bridges,  so  that  this  book  supple- 
ments the  author's  other  books  on  structures.  Each  chapter  is  self-contained,  the  illustrations 
and  tables  being  numbered  independently  of  the  other  chapters.  As  far  as  possible  the  different 
subjects  are  discussed  fully  in  each  chapter,  thus  reducing  cross-references.  The  most  of  the 
cross-referencing  is  made  through  the  index,  which  together  with  the  table  of  contents  will  be 
found  invaluable  to  the  reader. 
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Steel  Roof  Trusses  and  Mill  BuiLDtNGs. 
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Definitioiis. — The  following  defiaitiona  will  assist  the  reader  in  a  study  of  roof  trusses  and 
scec'l  frame  buildings. 

Truss. — A  truss  is  a  framed  structure  in  which  the  members  are  so  arranged  and  fastened 
at  their  ends  that  external  loads  applied  at  the  joints  of  the  truss  will  cause  only  direct  stresses 
id  the  members.  In  its  simplest  form  a  tru^s  is  a  triangle  or  a  combination  of  triangles.  In  this 
chapter  it  will  be  assumed  (i)  that  the  structure  is  not  constrained  by  the  reactions,  (2)  that  the 
axes  of  the  members  meet  in  a  commun*puint  at  the  joints,  and  (j)  that  thu  joints  have  friction- 
teas  hinges. 

Truurerse  Bent — A  transverse  bent  consists  of  a  truss  supported  at  the  ends  on  columns 
and  braced  against  longitudimil  mt»vcment  by  knee  braces  attaches!  to  the  lower  chord  of  the 
truss  and  to  the  columns. 

PuiiiB. — A  beam  that  rests  on  the  top  chords  of  roof  trusses  and  supports  the  sheathing 
that  carries  the  roof  covering,  or  supports  the  roof  covering  directly,  or  supi>orts  rafrers. 

Rafter. — A  beam  that  rests  un  the  purlins  and  supports  the  sheathing,  or  may  support  sub- 
purlins.     Rafters  are  not  commonly  used  in  mill  buildings. 

Sub-purUn. — A  secondary  system  of  purlins  that  rest  on  the  rafters  and  are  spaced  so  as  to 
•up(jort  the  tile  or  slate  covering  directly  without  the  use  of  sheathing. 

Sheathing. — A  covering  of  boards  or  reinforced  concrete  that  is  carried  on  the  purlins  or 
rafters  to  furnish  a  support  for  the  roof  covering. 

Girt. — A  beam  that  is  fastened  to  the  columns  to  support  the  side  covering  either  directly 
or  to  support  the  side  sheathing. 

Monitor  Ventilator. — A  framework  at  the  top  of  the  roof  that  carries  lixcd  or  movable  louvres, 
or  sash  in  the  clerestory. 

Clerestory. — The  clear  opening  in  the  side  framework  of  a  monitor  ventilator  of  a  building, 
also  the  clear  opening  on  the  side  of  a  building. 

Louvrea. — Slats  made  of  metal  or  wtxiH  which  are  placed  in  the  clerestory  of  a  monitor 
ventilator  to  keep  out  the  storm.  Louvres  may  be  fixed  or  movable.  The  opening  of  a  monitor 
ventilator  is  also  called  a  louvre. 

PaneL — The  distance  between  two  joints  in  a  roof  truss  or  the  distance  between  purlins. 

Bay. — The  distance  between  two  trussics  or  transverse  bents. 

Pitch. — The  pitch  of  a  truss  is  the  center  height  of  the  truss  divided  by  the  span  where  the 
tni8»  is  symmetrical  about  the  center  line. 

Other  terms  arc  defined  when  they  arc  first  used. 


Data  for  the  Design  of  Roof  Tkusses  and  Steel  Fkaub  Buildincs. 
Weight  of  Roof  Trusses. — The  weight  of  roof  trusses  varies  with  the  span,  the  distance 
between  trusses,  the  load  carried  or  capacity  of  the  truss,  and  the  pitch. 
The  empirical  formula 
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W  »  weight  of  steel  roof  truss  in  pounds; 

P  =  capacity  of  truss  in  pounds  per  square  foot  of  horizontal  projection  of  roof  (30  to  80  lb.); 

A  —  distance  center  to  center  of  trusses  in  feet  (8  to  30  ft.); 

L  =  span  of  truss  in  feet; 
was  deduced  by  the  author  from  the  computed  and  shipping  weights  of  mill  building  trusses  ol 
the  Fink  type. 

Weight  of  PuilinS|  Girta,  Bradngi  and  Columas* — ^Stecl  purlins  will  weigh  from  1}  to  4  lb, 
per  sq.  ft.  of  area  covered,  depending  upon  the  spacing  and  the  capacity  of  the  trusses  and  the 
snow  load.  Girts  and  window  framing  will  weigh  from  ij  to  3  lb.  per  sq.  ft.  of  net  surface.  Brac- 
ing is  quite  a  variable  quantity.  The  bracing  in  the  planes  of  the  upper  and  lower  chords  will 
vary  from  |  to  i  lb.  per  sq.  ft.  of  area.  The  side  and  end  bracing,  eave  struts  and  columns  wilj 
weigh  about  the  same  per  sq.  ft.  of  surface  as  the  trusses. 

Weight  of  Roof  Covering. — The  weight  of  corrugated  iron  or  steel  covering  varies  froni 
i}  to  3  lb.  per  sq.  ft.  of  area.  The  weight  of  corrugated  steel  is  given  in  Table  I.  The  approxi- 
mate weight  per  square  foot  of  various  roof  coverings  is  given  in  the  following  table: 

Corrugated  steel,  without  sheathing I  to  3    lb. 

Felt  and  asphalt,  without  sheathing 2 

Tar  and  Gravel  Roofing,  without  sheathing ' 8  to  10 

Slate,  A  in.  to  \  in.,  without  sheathing 7  to  9 

Tin,  without  sheathing I  to  ij 

Skylight  glass,  A  in.  to  }  in.,  including  frames 4  to  10 

White  pine  sheathing  i  in.  thick 3 

Yellow  pine  sheathing  i  in.  thick 4 

Tiles,  flat 15  to  30 

Tiles,  corrugated 8  to  10 

Tiles,  on  concrete  slabs 30  to  35 

Plastered  ceiling 10 

The  actual  weight  of  roof  coverings  should  be  calculated  if  possible. 

Snow  Loads. — ^Thc  annual  snowfall  in  different  localities  is  a  function  of  the  humidity  anc 
the  latitude  and  is  quite  a  variable  quantity.  The  amount  of  snow  on  the  ground  at  one  timi 
is  still  more  variable.  The  snow  loads  given  in  Fig.  i  were  proposed  by  the  author  in  "The  Desigi 
of  Steel  Mill  Buildings"  in  1903  and  have  been  generally  adopted. 


H 


Lotitude  in  Oegreea 
Fig.  I.    Snow  Load  on  Roofs  for  Different  Latitudes,  in  Pounds  per  Square  F( 


One  of  the  heaviest  falls  of  snow  on  record  occurred  at  Boulder  and  Denver,  Coloradc 
Dec.  5  and  6,  1913,  when  36  inches  of  snow  weighing  9  lb.  per  cu.  ft.  fell  during  two  days.     M 
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flat  roofs  wrrr  loaded  with  a  snow  load  of  more  than  30  lb.  per  sq.  ft.  and  roofs  with  a  pitch  of  one- 
half  carried  the  full  snow  load  of  27  lb.  per  sq.  ft.  of  horizontal  projection. 

A  high  wind  may  follow  a  heavy  slovt  and  in  designing  the  trusses  the  author  would  recom- 
mend  the  use  of  a  minimum  snow  and  ice  load  as  given  in  Fig.  i  for  all  slopes  of  roofs.  The 
maximum  stresses  due  to  the  sum  of  this  snow  load,  the  dead  and  wind  loads;  the  dead  and  wind 
loads;  or  of  the  niaximum  snow  load  and  the  dead  load  being  used  in  designing  the  members. 

Wind  Loads. — The  wind  pressure,  P.  in  pounds  per  square  foot  on  a  flat  suKace  normal  to 
the  direction  of  the  wind  for  any  given  velodly,  K,  in  miles  per  hour  is  given  quite  accurately 
by  the  formula 

P  -  0.004  ^  (3) 

The  pressure  on  other  than  flat  surfaces  may  be  taken  in  per  cents  of  that  given  by  formula 
(3)  as  follows:  80  per  cent  on  a  rectangular  building;  67  |X:r  cent  on  the  convex  side  of  cylinders; 
I  ts  to  130  per  cent  on  the  concave  side  of  cylinders,  channels  and  fiat  cups;  and  130  to  170  per 
cent  on  the  concave  sides  of  spheres  and  deep  cups. 

Recent  German  specihcatiims  for  deMgn  of  tall  chimneys  specify  wind  loads  per  square  foot 
as  followH:  36  lb.  on  rectangular  chimneys;  67  per  cent  of  26  lb.  on  circular  cliimneys;  and  71 
per  cent  of  26  lb.  on  octagonal  chimneys. 

The  official  specifications  for  the  design  of  steel  framework  in  Prussia  have  recently  been 
amplified  in  the  matter  uf  wind  pressures.  For  the  wind-bracing,  as  a  whc  le,  the  wind  pressure 
on  the  whole  building  is  to  l>c  taken  as  17  lb.  per  sq.  ft.  For  propfirtioning  individual  frame 
members,  girts,  studs,  trusses,  etc.,  a  higher  value  of  wind  prvssure  must  be  assumed,  viz.,  38  to 
54  lb.  per  sq.  ft. 

It  would  seem  that  30  lb.  per  square  foot  on  the  side  and  the  normal  component  of  a  hori- 
zontal pressure  of  30  lb.  on  the  rrmf  would  be  sufficient  for  all  except  exposed  UKations.  If  the 
building  is  somewhat  protected  a  horizt)ntal  pre.ssure  of  20  lb.  per  square  foot  on  the  sides  ia 
Gcrtainly  ample  for  heights  lesa  than,  say  30  feet. 

Wind  Presstire  on  Inclined  Surfaces. — The  wind  is  usually  taken  as  acting  horizontally 
and  the  normal  component  on  inclined  surfaces  is  calculated. 


Fig.  3. 


The  rttirmal  component  of  the  wind  pressure  on  inclined  surfaces  has  usually  been  computed 
by  Hutli>n'ft  empirical  formula 


Pn  "  P"sini4 


IMIawJ— I 


(3) 


where  Pm  equals  the  normal  component  of  the  wind  pressure,  P  equals  the  pressure  per  square 
foot  on  a  vertical  surface,  and  A  equals  the  angle  of  inclination  of  the  surface  with  the  horizontal, 

Fig.  (3). 

The  formula  due  to  Duchemin 

7  sin  A  ,  . 

'*       ^1  +sin«.4  ^*' 

where  P.,  P  and  A  are  the  same  as  in  (3),  gives  results  considerably  larger  for  ordinary  roofs 
llian  Hutton's  formula,  and  is  coming  into  quite  general  use. 
The  formula 

P,  -  PAi^$ 


(5) 


STEEL   ROOF  TRUSSES  AND   MILL   BUILDINGS. 


Chap. 


where  P.  and  P  arc  the  same  as  in  (3)  and  (4),  and  A  is  the  angle  of  inclination  of  the  surface 
in  degrees  (.4  being  equal  to  or  less  than  45°),  gives  results  which  agree  ver>'  closely  with  Hutton*8 
formula,  and  is  murh  more  simple. 

Mutton's  formula  (3)  is  based  on  experiments  which  were  very  crude  and  probably  erroneous. 
Duchemin's  formula  (4)  is  based  on  very  careful  experiments  and  is  now  considered  the  most 
reliable  formula  in  use.  The  Straight  Line  formula  (5)  agrees  with  experiments  quite  closely 
and  is  preferred  by  many  engineers  on  account  of  its  simplicity. 

The  values  of  P^  as  delcmunt?d  by  Mutton's,  Duchemin's  and  the  Straight  Line  form 
are  given  in  Fig.  3,  for  P  equals  20.  30  and  40  lb. 

It  is  interesting  to  note  that  Duchemin's  formula  with  P  equals  30  pounds  gives  practically 
the  same  values  for  roofs  of  ordinary  inclination  as  is  given  by  Mutton's  and  the  Straight  Line 
formulas  with  P  equals  40  pounds. 
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flfigjfe  CxpMatf  Roof  mok£»  wifh  Horizoniol  in  Degnee^.A 

Normal  Wito)  Load  on  Roof  According  to  Different  Formulas. 


Fig.  3 

Duchcmin  has  also  deduced  the  formula 

Pa=  P 


2  mn*  A 


I  +  sin*  A 
where  Pk  in  (6)  equals  the  pressure  parallel  to  the  direction  of  the  wind,  Fig.  3;  and 

_         2  sin  A  cos  A 

where  Pt  in  (7)  equals  the  pressure  at  right  angles  to  the  direction  of  the  wind,  Fig.  2.     Pt  may  H 
be  an  uplifting,  a  depressing  or  a  side  pressure.     With  an  open  shed  in  exposed  positions  the 
uplifting  effect  of  the  wind  often  requires  attention.     In  that  case  the  wind  should  be  taken 
normal  to  the  inner  surface  of  the  building  on  the  leeward  side,  and  the  uplifting  force  determined! 
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ins  formula  (7).     If  the  gabtcs  are  closed  a  deep  cup  is  formed,  and  the  normal  pressure 

lid  be  increa!«rd  30  to  70  per  cent. 

That  the  uplifting  force  of  the  wind  is  often  considerable  in  exposed  localities  is  made  evident 
by  the  fact  that  highway  bridges  arc  occasionally  wrecked  by  the  wind. 

The  wind  pressure  is  not  a  steady  pressure,  but  varies  in  intensity,  thus  producing  excessive 
vibrations  which  cause  the  structure  to  rock  if  the  bracing  is  not  rigid.  The  bracing  in  mill 
buiUiings  should  Im!  designed  for  initial  tension,  so  that  the  building  will  t)e  rigid.  Rigidity  is 
ol  rnorc  iniiMirlance  than  strength  in  mill  buildings. 

Miscellaneous  Loads. — Data  nn  the  wrighta  of  materials  are  given  in  Chapter  II.  The 
weights  and  other  data  for  hand  cranes  arc  given  in  Table  133  and  of  electric  cranes  are  given 
in  Table   130,    Part  II. 

Minimnm  Loads. — For  minimum  loads  to  l>c  calculated  on  roofs  see  {  37,  "Specifications  for 
Steel  Frame  Buildings"  in  the  last  part  of  this  chapter. 

STRESSES  IN  ROOF  TRUSSES  AND  MILL  BUILDINGS— For  the  calculation  of  the 
stresses  in  r<»of  trusses  and  in  the  framework  of  steel  frame  mill  buildings,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings." 

Design  of  Steel  Mill  Buildings. 

Genertl  Principles  of  Design. — The  general  dimensions  and  the  outline  of  a  mill  building 
will  txr  g<.>VL-rm*<.l  by  local  cumlitions  and  re({uiri-mfnts.  The  questions  uf  light,  heat,  venii* 
lation.  foundations  for  machinery',  handling  of  materials,  future  extensions,  first  cost  and  cost 
of  maintenance  should  receiw  profwr  attention  in  designing  the  different  clas-ses  of  structures. 
One  or  two  of  the  above  items  often  determines  the  type  and  general  design  of  the  structure. 
Whcri*  real  estate  is  high,  the  first  cost,  including  the  cost  of  both  land  and  structure,  causes, 
the  adoption  in  many  cases  of  a  multiple  stor>'  building,  while  on  the  other  hand  where  the  site 
is  not  too  expensive  the  single  story  shop  or  mill  is  usually  preferred.  In  coal  tipples  and  shaft 
liouscs  the  handling  of  materials  is  the  prime  object;  in  railway  shops  and  factories  turning  out 
heavy  machinery  or  a  similar  product,  foundations  for  the  machinery  required,  and  convenience 
in  handling  materials  are  mobt  imtHirtant;  while  in  many  other  classi's  of  structures  such  us  weaving 
sheds,  textile  mills,  and  factories  which  turn  out  a  less  bulky  product  with  light  mnrhincry,  and 
which  employ  a  kirge  numl>er  of  men,  the  principal  items  to  be  consitlered  in  designing  are  light* 
teftt,  ventilation  and  ease  of  superintendence. 

Shops  and  factories  are  preferably  located  where  transportation  facilities  are  good,  land  is 
cheap  and  labor  plentiful.  Too  much  care  cannot  be  used  in  the  design  of  shops  and  factories 
for  the  reason  that  defects  in  design  that  cause  inconvenience  in  handling  materials  and  workmen, 
increased  cost  of  operation  and  maintenance  are  permanent  and  cannot  be  removed. 

The  best  modern  practice  inclines  toward  single  floor  sho|>s  with  as  few  dividing  walls  and 
partitions  as  possible.  The  advantages  of  this  type  over  multiple  story  buildings  arc  (l)  the 
tight  is  belter.  {2)  ventilation  is  Ix'tter,  (3)  buildings  are  more  easily  heated,  (4)  foundations  for 
machinery  arc  cheaper,  (5)  machinery  being  set  directly  on  the  ground  causes  no  vibrations  in 
the  building,  (6)  Huors  are  cheaper,  (7)  wurkmcn  are  more  directly  under  the  eye  of  the  superin- 
tendent, (8)  materials  are  more  easily  and  cheaply  handled,  (9)  buildings  admit  of  indefinite 
citrnsion  in  any  direction,  (10)  the  cost  of  construction  is  less,  and  (11)  there  is  less  danger  from 
damage  due  to  fire. 

The  walls  of  shops  and  factories  arc  made  (i)  of  brick,  stone,  or  concrete;  (3)  of  brick,  hollow 
iHe  or  concrete  curtain  walls  between  steel  columns;  (3)  of  expande<I  metal  and  plaster  curtain 
walls  and  glass;  (4)  of  concrete  slabs  fastened  to  the  steel  frame;  and  (5)  uf  corrugated  steel  fastened 
10  the  fltcrl  frame. 

The  rnof  is  commonly  supported  by  steel  trusses  and  framework,  and  the  roofing  may  be 

\  tile,  tar  and  gravel  or  other  comiiosition.  tin  or  sheet  steel,  laid  on  board  sheathing  or  on 

:rete  slabs,  tile  or  slate  supported  directly  on  the  purlins,  or  corrugated  steel  supported  on 
sheathing  or  directly  on  the  purlins.     Where  the  slope  of  the  roof  is  flat  a  first  grade  tar 
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and  gravel  roof,  or  some  one  of  the  patent  composition  roofs  is  used  in  prcforcnre  to  tin,  and  on  a 
steep  slope  slate  is  commonly  used  in  preference  to  tin  or  tile.  Corrugated  steel  roofing  is  much 
used  on  boiler  houses,  smelters,  forge  shops,  coal  tipples,  and  similar  structures. 

Floors  in  boiler  houses,  forge  shops  and  in  similar  structures  arc  generally  made  of  cinders; 
in  round  houses  brick  floors  on  a  gravel  or  concrete  foundation  arc  quite  common;  while  in  buildings 
where  men  have  to  work  at  machines  the  favorite  floor  is  a  wooden  floor  on  a  foundation  of  cinders, 
gravel,  or  tar  concrete.  Where  concrete  is  used  for  the  foundation  of  a  wo<xIen  floor  it  should  be 
cither  a  tar  or  an  asphalt  concrete,  or  a  layer  of  tar  should  be  put  on  top  of  the  cement  concrete 
to  prevent  decay.  Concrete  or  cement  floors  are  used  in  many  cases  with  good  results,  but 
they  are  not  satisfactory  where  men  have  to  stand  at  benches  or  machines.  Wooden  racks  on 
cement  floors  remove  the  above  objection  somewhat.  W'here  rough  work  is  done,  the  upper  or 
wearing  surface  of  wooden  floors  is  often  made  of  yellow  pine  or  oak  plank,  while  in  the  better 
classes  of  structures,  the  top  layer  is  commonly  made  of  maple.  For  upper  floors  some  one  of 
the  common  types  of  fireproof  Hoore,  or  as  is  more  common  a  heavy  plank  floor  supported  on 
beams  may  be  used. 

Care  should  be  used  to  obtain  an  ample  amount  of  light  in  buildings  in  which  men  are  to 
work.  It  is  now  the  common  practice  to  make  as  much  of  the  roof  and  side  walls  of  a  trans- 
parent or  translucent  material  as  practicable:  in  many  cases  fifty  per  cent  of  the  roof  surface  is 
made  of  glass,  while  skylights  equal  to  twenty-five  to  thirty  per  cent  of  the  roof  surface  are  very 
common.  Direct  sunlight  causes  a  glare,  and  is  also  objectionable  in  the  summer  on  account  of 
the  heat.  Where  windows  and  8k>Iights  arc  directly  exposed  to  the  sunlight  they  may  best  be 
curtained  with  white  muslin  cloth  which  admits  much  of  the  tight  and  shades  perfectly.  The 
"saw  tooth"  type  of  roof  with  the  shorter  and  glazed  tooth  facing  the  north,  gives  the  best  light 
and  is  now  coming  into  quite  general  use. 

Plane  glass,  wire  glass,  factory  ribbed  glass,  and  translucent  fabric  arc  used  for  glazing 
windows  and  skylights.  Factory  rit>bed  glass  should  be  placed  with  the  ribs  vertical  for  the 
reason  that  with  the  ril)s  horizontal,  the  glass  emits  a  glare  which  is  very  trying  on  the  eyes  of 
the  workmen.  Wire  netting  should  always  be  stretched  under  skylights  to  prevent  the  broken 
glass  from  falling  down,  where  wire  glass  is  not  us<*d. 

Mealing  in  large  buildings  is  generally  done  by  the  hot  blast  s>*5tem  in  which  fans  draw  the 
air  across  heated  coils,  which  are  heated  by  exhaust  steam,  and  the  heated  air  is  conveyed  by 
ducts  suspended  from  the  roof  or  placed  under  the  ground.  In  smaller  buildings,  direct  radiation 
from  steam  or  hot  water  pipes  is  commonly  used. 

The  proper  unit  stresses,  minimum  size  of  sections  and  thickness  of  metal  will  depend  upon 
whether  the  building  is  to  be  permanent  or  temporary,  and  upt>n  whether  or  not  the  metal  is 
liable  to  be  subjected  to  the  action  of  corrosive  gases.     For  permanent  buildings  the  author 

would  recommend  16.000  lb.  per  square  inch  for  allowable  tensile,  and  16,000  —  70-  lb.  per 

square  inch  for  allowable  compressive  stress  for  direct  dead,  snow  and  wind  stresses  in  trusses 
and  columns;  I  being  the  center  to  center  length  and  r  the  radius  of  gyration  of  the  member, 
both  in  inches.  For  wind  bracing  and  flexural  stresses  in  columns  due  to  wind,  add  25  per  cent 
to  the  allowable  stresses  for  dead,  snow  and  wind  loads.  For  temporary  structures  the  above 
allowable  stresses  may  be  increased  ?o  to  25  per  cent. 

The  minimum  size  of  angles  should  Ix?  2"  X  2"  X  J",  and  the  minimum  ihirkncss  of  plates 
I  in.,  for  Itoth  permanent  and  temporary  structures.  Where  the  metal  will  be  subjected  to 
corrosive  gases  as  in  smellers  and  train  sheds,  the  allowable  stresses  should  be  decreased  20  to  25 
per  cent,  and  the  minimum  thickness  of  metal  increased  25  per  cent,  unless  the  metal  is  fully 
protected  by  an  acirl-proof  coating  (at  present  the  best  paints  do  little  more  in  any  case  than 
delay  and  retard  the  corrosion). 

The  minimum  thickness  of  corrugated  steel  should  be  No.  20  gage  for  the  roof  and  No.  23 
for  the  sides;  where  there  is  certain  to  be  no  corrosion  Nos.  22  and  24  may  be  used  for  the  roof 
and  sides  respectively. 
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Ste«4  Frame  Mill  Buildings. — The  framework  of  a  steel  frame  mill  building  consists  of  a 
■cries  of  transverse  bents,  which  carry  ihc  purlins  on  the  tops  of  the  trusses,  and  girts  on  the 
■ndcs  o(  ibc  columns  to  carry  the  covering,  Fig.  4.  The  framework  is  braced  by  diagonal  bracing 
In  the  planes  of  the  roof  ami  the  sides  of  the  building,  and  in  the  plane  of  the  lower  chords.  A 
transverse  bent  consibts  of  a  roof  truss  supported  at  the  ends  on  columnb  and  is  braced  against 
endwise  movement  by  means  of  knee  braces.  The  framing  plan  for  a  steel  frame  mill  building 
is  shown  in  Fig.  4.  Steel  mill  buildings  are  also  made  with  end  trusses  in  place  of  the  end  framing 
•hown  in  Fig.  4. 


BBAcms  A-A 


Plan  Lcwe^  chord     Plan  upper  chord 


Fig.  4.    Framework  for  a  Steel  Mat  BuaoiNG. 


l^pes  of  Roof  Trusses. — Several  types  of  roof  trusses  are  shown  in  Fig.  5.  These  tru»cs 
been  subdivided  so  that  the  purlins  will  come  at  the  panel  points,  and  will  not  have  a  spacing 
Iter  than  4  ft.  9  in.,  the  greatest  spacing  allowed  for  corrugated  steel  roofing  when  laid  ^lithout 
ftbeathing.  The  Fink  trusses  shown  in  (a)  to  (f)  are  commonly  used  in  steel  frame  buildings 
and  arc  very  economical.     The  other  types  f>f  trusses  need  no  explanation. 

Diflcrrnt  nieth^xU  of  lighting  and  ventilating  buildings  through  the  roof  are  shown  in  Fig.  6. 

Saw  Tooth  Roofs. — The  common  type  of  saw  tooth  roof  is  shown  in  (m)  Fig.  6.  The  glazed 
leg  faces  the  north  and  permits  only  indirect  light  to  enter  the  building,  thus  doing  away  with 
the  glare  and  varying  intensity  of  light  in  buildings  where  direct  sunlight  enterii.  In  cold  climates 
ihe  snow  drifts  the  gutters  nearly  full  and  causers  loss  of  light  and  also  leakage  from  the  over- 
flowing gutters.  The  modified  saw  tooth  roof  shuwn  in  (n)  was  designed  by  the  author,  to  obviate 
the  di'fecis  in  the  common  type  trf  saw  tooth  roof.  The  mtxlified  saw  tooth  roof  permits  the 
UM*  of  a  gKMter  span  and  more  economical  pitch  than  the  common  form  shown  in  (m). 

TnjisverB«  Bents. — A  number  of  the  common  forms  of  iransven»e  bents  arc  shown  in  Fig.  7. 
T^KOsvcrK  bents  (a),  (6),  (J),  and  (A)  arc  used  for  boiler  houses,  shops,  etc.,  while  (c).  (tf),  (/) 
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(d)  30FT'5pan      .  (b)  40 Ft-  Span  (cJ  50 Ft^  Jiow 


60  eOFr-SPMi  (e)  80  Ft  Span 


(F) Modified  Fink  ^Cambered  Fink 

FINK  TRUSSES 


(h)HowE  (!)  Hybrid 


(j)  Pratt  (k)  Modified  Pratt 


W  Qoadransuar  (m)  Camel    Gack 

Fig.  5.    TvpKS  of  Roof  Trusses. 


TYPES  OF   ROOF  TRUSSES. 
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Fia  6.    Roop  Trcssbs  Showing  Methods  op  Lighting  akd  Vei^ttilating. 
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JZ^^^I^Sbss  or  latnrvs 
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(t)  SEMT  with  VUAmULAH  Tiwss 
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Fig.  7.    Types  op  Transverse  Bents. 


ROOF  ARCHES. 
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Fig.  8.    Roof  Aschss. 
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and  (g)  arc  used  for  shops  or  buildings  where  the  main  part  of  the  building  is  required  to  be 
by  a  crane  and  side  sheds  are  used  for  lighter  work. 

Roof  Archcs.^Roof  arches  are  used  where  a  large  clear  floor  space  is  required  as  in  coliseums/ 
exposition  buildings  and  train  sheds,  Fig.  8.  The  arches  arc  braced  in  pairs  and  carry  the  roof 
cowring.  Arches  may  have  one,  two  or  three  hinges,  or  may  be  made  without  hinges.  Three- 
hinged  arches  are  statically  determinate  structures,  while  the  stresses  in  all  other  arches  arc 
statically  indeterminate.  Arches  without  hinges  are  ust*fl  for  domes.  Three-hinged  roof  arches 
have  been  commonly  used  in  America,  although  the  two-hinged  roof  arch  is  more  economical 
and  has  many  advantages.  Arches  may  have  a  horizontal  tie  as  in  the  Chicago  Slock  Pavilion 
and  the  Government  Building,  or  the  horizontal  reactions  may  be  carried  by  the  foundatioi 
as  in  the  St.  Louis  Coliseum,  Fig.  8.  For  the  calculation  of  the  stresses  in  three-hinged  and  tw< 
hinged  roof  arches,  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 

Pitch  of  Roof. — The  pitch  of  a  roof  is  given  in  terms  of  the  cvnter  height  divided  by  the  spanj 
for  example  a  6o-ft.  span  truss  with  J  pitch  will  have  a  center  height  of  15  ft.     The  minimui 
pitch  allowable  in  a  roof  will  depend  u]>on  *hu  character  of  the  roof  covering,  and  upon  the  kinc 
of  sheathing  used.     For  corrugated  steel  laid  directly  on  purlins,  the  pitch  should  preferably  be] 
not  less  than  \  (6  in.  in  12  in.),  and  the  minimum  pitch,  unless  the  joints  are  cemented,  not  U 
than  i.     Slate  and  tile  should  not  be  used  on  a  less  slope  than  J  and  preferably  not  less  than 
The  lap  of  the  slate  and  tile  should  be  greater  for  the  less  pitch.     Gravel  should  never  be  us 
on  a  roof  with  a  greater  pitch  than  about  i,  and  even  then  the  composition  is  very  liable  to  rui 
Asphalt  is  inclined  to  run  ami  should  not  t)e  used  on  a  roof  with  a  pitch  of  more  than,  say,  3  in.^ 
to  the  foot.     If  the  laps  are  carefully  made  and  cemented  a  gravel  and  tar  or  asphalt  rouf  may  bej 
practically  flat;  a  pitch  of  \  to  i  in.  to  the  foot  is,  however,  iwu.illy  preferred.     Tin  may  be  used] 
on  a  roof  of  any  slope  if  the  joints  are  properly  soldered.     Most  of  the  patent  tompcjsition  roofingsJ 
give  better  satisfaction  if  laid  on  a  roof  with  a  pitch  of  i  to  {.     Shingles  should  not  be  used  on 
roof  with  a  pitch  less  than  i.  and  preferably  the  pitch  should  be  I  to  ||. 

Pitch  of  Truss. — There  is  very  little  difference  in  the  weight  of  Fink  trusses  with  horizonlalj 
bottom  chords,  in  which  the  top  chord  has  a  pitch  of  J,  J,  or  i-     The  difference  in  weight  is  quil 
noticeable,  however,  when  the  lower  chord  is  cambere'd;  the  truss  with  the  i  pitch  being  the 
more  economical  than  either  the  i  or  the  J  pilch.     Cambering  the  lower  chord  of  a  truss  moi 
than,  say,  1-40  of  the  .span  adds  considerable  to  the  weight.     For  example  the  computed  weight 
of  a  6a-ft.  Fink  truss  with  a  horizontal  lower  chord,  and  a  60-ft.  Fink  truss  with  a  camber  of  3  ft. 
in  the  lower  chord,  showed  that  the  cambered  truss  weighed  40  per  cent  more  for  the  i  pilch  and 
15  (ler  cent  more  for  the  J  pitch,  than  the  truss  having  the  same  pitch  with  horizontal  lower 
chord.     It  is,  however,  desirable  for  appearance  sake  to  put  a  slight  camber  in  the  bottom  chords 
of  nx>f  trusses,  for  the  reason  that  to  the  eye  a  horizontal  lower  chord  will  appear  to  sag  if  viewcdjfl 
from  one  side.  *■ 

In  deciding  on  the  proper  [ntch.  it  should  l>e  noted  that  while  the  \  pitch  gives  a  better  slope 
and  has  a  less  snow  load  than  a  roof  with  i  or  t  pitch,  it  has  a  greater  wind  load  and  more  roof 
surface.  Taking  all  things  into  consideration  J  pitch  is  probably  the  most  economical  pitch  for  a 
roof.  A  roof  with  \  pitch  is,  however,  very  nearly  as  economical,  and  shouhl  preferably  be  used 
where  corrugated  steel  roofing  is  use<I  without  sheathing,  and  where  the  snow  load  is  large. 

Spacing  of  Trusses  and  Transverse  Bents. — The  weight  of  tnisses  and  columns  per  square 
foot  of  area  decreases  as  the  spiicing  increases,  while  the  weight  of  the  purlins  and  girts  per  square 
foot  of  area  incre^ases  as  the  s|>acing  increases.  The  economic  s|>acing  of  the  trusses  is  a  function 
of  the  weight  per  square  foot  of  ftcwr  area  of  the  truss,  the  purlins,  the  side  girts  and  the  columns, 
and  also  of  the  relative  cost  of  each  kind  of  material.  For  any  given  conditions  the  spacing 
which  makes  the  sum  of  these  quantities  a  minimum  will  be  the  economic  spacing.  It  is  desirable 
to  use  simple  rolled  sections  for  purlins  and  girls,  and  under  these  conditions  the  economic  spacing 
will  usually  be  between  16  and  25  ft.  The  smaller  value  being  alwut  right  for  spans  up  to,  say, 
60  ft.,  designed  for  moderate  loads,  while  the  greater  value  is  about  right  for  long  spans,  designed 


for  heavy  loads. 
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Calculationfl  of  a  aeries  of  simple  Fink  trusses  resting  on  walls  and  having  a  uniform  span 
of  60  ft.  and  difffrvnt  s|>acing8  gave  the  least  weight  per  square  foot  of  horizontal  projection  of 
the  roof  for  a  spacing  of  18  ft..  an<l  the  least  weight  of  trusses  and  purlins  combined  for  a  spacing 
of  10  ft.  The  weight  of  trusses  per  square  foot  was,  howevtr.  more  for  the  10-ft.  spacing  than 
for  the  l8-ft.  spacing,  so  that  the  actual  cost  of  the  steel  in  the  roof  was  a  minimum  for  a  spacing 
of  about  16  ft.;  the  shop  cost  of  the  trusses  per  lb.  being  several  times  that  of  the  purlins.  Local 
conditions  and  requirements  usually  control  the  spacing  of  the  trusses  so  that  it  is  not  necessary 
that  we  know  the  economic  spacing  very  definitely. 

For  long  spans  the  economic  spacing  can  be  increased  by  using  rafters  supported  on  heavy 
purlins,  placed  at  greater  distances  than  would  be  required  if  the  roof  were  carrierj  directly  by  the 
purlins.  This  method  is  frequently  used  in  the  design  of  train  sheds  and  roofs  of  buildings  where 
plank  sheathing  is  used  to  supp*5rt  slate  or  tile  coverings,  or  where  the  tiles  are  supported  by 
angle  sul>-purlins  spaced  close  together  as  shown  in  Fig.  13. 

Truss  Details. — Riveted  trusses  are  commonly  used  for  mill  buildings  and  similar  structures. 
For  oaiinar>'  loads  the  chord  sections  are  commonly  made  of  two  angles,  Fig.  10.  For  heavy 
loeuls  the  chords  may  be  made  of  two  channels,  Fig.  12.  Where  the  purlins  are  not  placed  at  the 
panel  points  the  upper  chord  must  be  designed  for  flexure  as  well  as  for  direct  stress.  Two  angles 
with  a  vertical  plate  make  an  excellent  section  where  the  chord  must  take  both  direct  and  flexural 
stress.  Trusses  Bupi)orted  on  masonry  walls  should  have  one  end  supported  on  sliding  plates 
for  spans  up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rmker  should  l>e  used.  Shop  drawini^s 
ol  a  steel  ror:>f  truss  are  given  in  Fig.  10.  Details  of  the  end  connections  of  trusses  resting  on  walls 
and  fastened  to  columns  arc  given  in  Fig.  1 1.  Details  of  truss  joints  are  given  in  Fig.  11.  Wher- 
ever possiblCt  truss  joints  should  be  so  designed  that  the  joint  will  not  be  eccentric. 

Details  of  Roof  Framing. — Rfjof  trusses  and  tranavt-rsc  bents  should  he  brace<l  transversely 
with  vertical  framework  and  bracing  to  give  the  rfj«>f  framing  lateral  stability.  The  bracing  may 
be  placed  in  the  center  line  of  the  building  as  in  Fig.  I3,  or  at  the  quarter  points  as  in  Fig.  4; 
long  span  trusses  should  be  braced  at^fjoth  the  center  and  the  quarter  points.  Details  of  roof 
framing  giving  methods  of  bracing  roof  trusses  and  transverse  bents  are  given  in  Fig.  4,  Fig.  41, 
and  Fig.  42. 

Details  of  a  roof  truss  and  roof  framing  to  carry  a  Ludowici  tile  roof  without  sheathing,  are 
shown  in  Fig.  13.  The  tiles  are  carried  on  sub-purlins,  the  sub-purlins  are  supported  by  rafters, 
which  are  in  turn  supported  by  the  purlins. 

Cottmins. — The  common  forms  of  columns  used  in  mill  buildings  are  shown  in  Fig.  14.  For 
flidc  rolunms  with  light  loads  column  (e)  composed  of  four  angles  laced  is  very  satisfactory,  while 
for  side  columns  that  take  bending  and  heavy  loads  column  (/)  composed  of  four  angles  and  a 
plate  is  the  most  satisfactory  column.  Columns  (a),  {b),  {c),  (d),  (e)  and  {j)  are  used  to  carry 
heavy  loads.  The  I  beam  and  the  angle  columns  are  used  for  end  and  comer  columns,  respec- 
tively. Details  of  a  four  angle  laced  column  and  a  four  angle  and  plate  column  are  shown  in 
Fig.  15.  Details  of  a  heavy  column  and  a  light  column  made  of  two  channels  laced  are  shown 
in  Fig.  16. 

CORRUGATED  STEEL.— Corrugated  steel  is  rolled  to  U.  S.  standard  gage.  The  weights 
of  flat  steel  and  corrugated  bleel  for  different  gages  and  thickness  are  given  in  Table  I.  Corru- 
gated siding  and  roofing  is  rolled  as  shown  in  I'ig.  17.  The  special  corrugated  steel  in  (b)  Fig.  17 
is  commonly  used  for  roofing,  and  the  corrugated  steel  in  (c)  is  used  for  siding. 

The  standard  stock  lengths  vary  by  single  feet  from  4  ft.  to  10  ft.  Sheets  can  be  obtained 
as  long  as  12  ft.,  but  are  s[H*cial  and  cost  5  (ht  cent  extra  and  wilt  delay  the  order. 

The  purlins  for  corrugated  steel  without  sheathing  should  be  spaced  for  a  load  of  30  lb.  per 
•c|.  ft.  tin  the  nx)f;  and  thu  girts  for  25  lb.  per  sq.  ft.  on  the  sides,  as  given  in  Fig.  18, 

The  details  of  cnrrugatcd  steel  as  given  in  Fig.  19  are  standard  with  the  McClintic-MarshaU 
ConstriKtion  Company  and  the  American  Bridge  Company. 


TRUSS   DETAILS. 


MSMh^P/^fe 


fe)  Rocker 
ExpANSfON  Ends 


mm  ^ 


PsTAiis  OP  Roof  Tsuss  Connbctions 

Fio.  II.    Details  or  Truss  Connections  and  Joints. 
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SSV'C.twC.fff  iham  wiwi. 

Half        Transversa        Section. 
Fig.  13.    Roof  Truss  and  Transverse  Bent  Showing  Transverse  Bracing. 


Section  P-B 
Fig.  13.    Details  of  a  Roof  Covered  with  LuDOwia  Tile. 


tcfungs  for  Corrugated  Sheeting. — Corrugated  steel  is  fastened  to  purlins  and  girtfi  usually 
'ollowing  fasicuors. 

tps, — These  are  niadc  of  No.  id  U.  S.  gage  steel,  |  of  an  in.  wide.      These  straps  pass 
the  purlins  and  arc  riv-eted  to  the  sheets  at  both  ends  by  i\"  diameter  rivets,  |  in.  long; 

may  be  fastene<l  by  bolts.     Order  one  strap  and  two  rivets,  or  bolts,  for  each  lineal  foot 
rpuHtn.  to  which  the  corrugated  steel  is  to  be  fastened,  and  add  30  percent  to  the  number 

for  waste,  and  lo  per  cent  to  the  straps  or  the  bolts.     One  thousand  rivets  will  weigh 
c  bundle  of  hoop  steel  will  weigh  50  lb.  and  contains  400  lineal  feet. 


CORRUGATED  STEEL, 
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14.    Types  of  Columns  for  Stbel  Mill  Buildings. 


UfA  Rhtts  or  Nails. — These  are  special  rivets  or  nails  made  of  No.  9  Rirmingh 

K:h  around  the  edge  of  the  angle  iron  or  channel  and  are  used  for  fastening 
cl  purlins  or  girts.     They  arc  of  the  lengths  shown  on  page  24. 
. \ 
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HAP. 
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Details  of  Mill  Building  Columns. 


MILL  BUILDIKG  COLUMNS. 


2ll 


<e&//' 


H-^^r"'''''^'"'-  (.) 


■pi-ii''lWio' 


If 


=6; 


^m-K2ii 


?'o'.^ 


'Slot  li'-'Ji' 


Fic.  i6.    Details  of  Mill  Building  Columns. 
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Order  two  rivets  to  each  lineal  foot  of  purlia  or  girt  to  which  the  corrugated  steel  U  to  bl 
fastened  and  add  lo  jjcr  cent  for  waste.  ^ 

cups  and  Boits. — These  are  used  for  fastening  corrugated  steel  to  steel  purlins  or  girts.  Clipi 
are  made  of  No.  i6,  i|  in.  Htecl.  about  2\  in.  long,  and  arc  slightly  crimped  at  one  end,  to  go  ova 

il 

Corruqarted  Roof  Steel 
3iaeLap  2  Corrugotions 


r-^6 


£d  ky/a&  l^fore  corrut^rifif 


(a) 


afr^r 


Special  Cor-  Roof  Steel 
Side  Lop  li  Corrugafrons 


'r^ak'^A 


.  'mm 


\*^30'w/ae  ivfon^  corrugat/'na 
r-//^"  «     afrer 
£n£flap  for  Roof  6' 
(b) 

Corruqoted  Siding  5reef 
Side  Lap  I  CorruqoUon 


r  <?i  -  >i        I*  ^d'wfac  before  ci^ruqaf/ng 
^^6'  "   af/er  « 

£r7a Lap  fQr3fcfe5  4" 
(Ci 

Fic.  17.    Details  of  Coraugated  Steel. 


4  5 

3pan^L^in  ft 
Fig.  x8.    Safe  Loads  for  Corrugated  Steel. 
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the  fbngc  of  the  purlin.  The  bolts  arc  of  the  same  diameter,  and  have  the  same  head  as  the  clinch 
rivets,  except  that  they  are  supplied  with  threads  and  nut.  and  are  about  i  in.  long.  These  clips 
and  bolts  should  not  be  used  excepting  in  special  cases,  where  the  regular  fastenings  cannot  be 
easily  applied. 

r/ye^eaf,  use  c/cj//       '    ' 


rivitee^,  use  c/oj/nff  n'rets  jpaced 


fia/>a/no 


-Cl'U^ 


JliM 


\\'-Z-f30/ij 


hn 


Box  Cornics  6aUer 

sncf 
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I  Up  /or  6a/r.  Corr.^e^M'ng  \ 
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Bso/ sheet  turnet/ up 
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Mm  IO%fbrimU 
ofstteistr^s  jw/r/^* 

Tsbk  fbrmKbRivtls^mfOmt 


Mh  Le^ 


Length 


mptrib- 


2' 
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4S 


Wm^ 


3' 


33  35 


6'  7" 
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Sheeting  sttsehedte  Esvs  Stn/ts 
ROoftm-lTf  Hriek.  of?e  ed^  up,jndone  ^otm,  j/fd  siiie  /sp  a/^/^  corrugs- 

/Uht6'end/sp/hrn>ofso/6''fiftch,  s'for roofy  of  4''pftch,  S'fprrvcfs     Spaced 6'apsrt- iO% fbr t¥9ste 

k9s  th»>  4'^uhj  and  iay  tr/th  Siaters '  Cement  -   if  side  Zaps  are  tote 

wt9ditnechsa?f  rf^ets  I2'ap3rt  -  ,    •      « 

Snam  -  ^e'lr^  both  edges  diftm  mth  s/de  Zap  of  me  combat  ion,  trffi coyer  Closing  Rivets 

'  AMm'4'/brend/ap'   C/osSt^  rnrts  in  side  iap  /2"centers. 

FiASitme  ^ifsaalty  made  same  ga^  as  siding,  can  be  obtamed  in  Foihmhg 
extreme  sires:     ^ 

H^i€,HVS^4i'^i44'     M?20  '  48''^ i20''     Nm.N^24'44'i?0'' 

/i^'^^/Z^^7'4OV^0'    /yV^y-   aC'^SS'  order sheetshSWengths- 

Standard Cimfgated  Pooffng  and  Sidinj  can  be  obtained  4S'^  i^Z'k^ary/ng 
fy  6'  Canvgacions  approximaU/y  2^  f-^'» 


Diameter 


iengtit 


N-fperib- 
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200/66 
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14? 


i2S 


motr  20^fbn9asU 
Fig.  19.    STAi4DAu>  Details  for  Corkcgated  Stskl. 
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L  Purlin  leg. 

Length . . . . , 
No.  per  lb.. . 


3 

4" 

5 

5" 

6" 

7' 

32 

29 

23 

3" 

4" 

1' 

6" 

/ 

'or  8" 

9' 

29 

21 

l8 

6" 
8" 

21 


7" 
9" 
i8 


L  Purlin  leg 
Length .... 
No.  per  lb.. 


6" 

lO" 

i6 


In  cases  where  flashing,  cornice  work,  and  several  thicknesses  of  metal  are  to  be  fastened  at 
one  point,  rivets  or  bolts,  other  than  standard  lengths  given  will  be  needed.  Closing  rivets  }  in« 
long  and  bolts  1 1  in.  long  will  usually  answer  in  these  cases. 

If  side  laps  of  corrugated  steel  are  to  be  riveted,  rivets  should  be  ordered,  one  for  each  lineal 
foot  of  side  lap,  plus  20  per  cent  for  waste. 

If  corrugated  steel  is  to  be  fastened  to  wooden  purlins  or  timber  sheathing,  order  8d  barbed  • 
nails  for  roofing  and  for  siding.  These  nails  should  be  spaced  one  foot  apart,  for  both  end  and  side 
laps;  add  20  per  cent  for  waste.     Ninety-six  8d  barbed  nails  weigh  i  lb. 

Corrugated  steel  for  roofing  should  be  laid  with  two  corrugations  side  lap  if  standard  or  i| 
corrugations  side  lap  if  special,  and  6  in.  end  lap.  Corrugated  steel  for  siding  should  have  one 
corrugation  side  lap  and  4  in.  end  la{:w 

LottTTttS. — Weights  of  Shiftier  louvres  of  black  iron  or  steel  are  as  follows: 


Case  No. 
20 
23 


Weight  per  Square  Feet. 
2.7  lb. 
2.0  lb. 


The  weight  is  obtained  from  Fig.  20,  as  follows: 


J        -*   i 


Fig.  20.    Louvres. 


Louvres  are  estimated  in  square  feet  >=  2h  X  length. 

To  get  weight  multiply  area  by  (1.7  X  weight  per  sq.  ft.  of  flat  of  material  used). 
Ridge  Roll. — Ridge  roll  is  ordinarily  of  same  gage  as  roofing  and  black  or  galvanized  to  cor- 
respond with  same.    Ridge  roll  is  usually  made  from  an  18  in.  flat  sheet. 


Weight  op  Ridge  Roll. 


GttseNo. 

Wdcht.  lb.  per  Uaeal  ft.                                | 

20 

22 
24 

24] 
2.0 

1.6  J 

Black  Iron  or  Steel. 

CORRUGATED  STEEL  SHEETS. 
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■ 
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TABLE  !. 

CoRRi'OATEi>  Sheets.    American  Shket  ano  Tin  Plate  Company  Standard, 


Dbcrotion  or  Couucatkd  Saurrs 


AitEAt  ow  CowtocA'nED  Srksts 


Camvatloas 


Width,  lacfact 


NomlMl     Aetml 


I 

H 


Dquh. 
Approx. 
Inchc* 


Width.  Inches 


Niim-       Pull 
*«^     Sheet 


Covert 
Ap- 
prox. 


js  a 
51 


Sundard  lengths  c,  6,  7,  8,  9  tnd  10  feci.    Max- 
imum lenjfth.  u  reel  for  5"  to  I  J"  cornipation. 


60 

72 


108 
no 
«44 


Sq.  Ft.  fa  I  Sheet 


CorruBsCkKU 


11.67 
14.00 
I6.J3 

18.67 
31.00 

13-33 
2S.00 


^'jy 


10.83 

i).oo 

15.17 

<7-33 
IV- 50 
21.67 
26.00 


li".  r 


10.42 
12.50 
14-58 
16.67 

18.75 
20.83 
25.00 


Sbecu  In  100  Sq.  Ft. 


Comicntiooi 


5" 


8.57 
7.14 
6.U 

4.76 
4.29 

3-57 


'^' 


9.23 

7.69 
6.59 

S-77 
S-I3 
4.62 
3.85 


»r  r 


9.60 
8.00 

6.86 

6.00 

5-33 
4.80 
4.00 


Corrugated  Sbeets. — Hainicd. 
Weights  in  Pounds  per  100  Square  Feet. 


I 


Noa 
Cor- 

rut. 


Thkkmm.  U.  S.  Standard  Gmb  and  Dednals  of  an  Indi 


12 


14 


109       .078 


474 


339 
339 


16 


18 


063       .050 


37« 
371 
271 
a7i 


217 

317 

217 
ai7 


20 


.038 


163 

163 
163 
163 
170 


31 


^34 


ISO 
150 
ISO 

156 


22 


.03] 


136 
136 

136 

"41 


23 


.028 


123 
123 

"3 
"3 
138 


.025 


110 
110 
110 
110 
114 
"4 


25 


26 


.032 


.019 


96 

96 
96 
100 
100 


83 
83 
83 
83 
86 
86 


17 


,017 


76 

76 
79 
79 


sS 


.016 


68 
68 
68 
68 
72 
71 


Corrugated  Sheets. — Galvanized. 
Weights  in  Pounds  per  100  Square  Feet. 


Nom. 
nic. 


ThkkneM,  U.  S.  Stuidard  G&fe  and  Dednals  et  an  Ib^ 


U 


.109 


>4 


.078 


16 


.063 


18 


.050 


20 


.038 


21 


■034 


.031    I   .028 


.025 


25 


.021 


26 


.019 


.017 


z8 


.016 


354 


488 


354 


286 
286 
186 
386 


232 

*32 
232 
232 


178 

178 

178 
178 

18s 


16s 
165 

16s 


>5i 
«5i 
»5i 
157 


138 
138 
13B 
138 


124 

124 
124 

124 

129 
129 


III 
111 
III 
III 


98 
98 
98 
98 
101 
101 


9( 
91 
91 
91 
94 
94 


r 


The  weights  per  100  square  feet  given  in  preceding  tables  do  not  include  allowances  for  end 
or  aide  lapa.  The  following  tabic  gives  the  approximate  number  of  square  feet  of  sheeting  neces- 
mry  10  cover  an  area  of  100  s^juare  f(xrt  and  is  based  on  sheets  of  standard  width.  96  inches  long. 
If  wnger  or  ahorter  sheets  are  usKil,  the  number  of  square  feet  required  will  vary  accordingly. 

Square  Feet  or  Corbucated  Sheets  to  Cover  too  Square  Feet. 


sue  Up 


I    Comintioo, 


k 


Bad  Lap,  Inches 


1 

2 

3 

4 

s 

6 

no 
116 

123 

HI 
«17 

124 

113 
118 

»25 

"4 
120 

t27 

"5 

121 

12R 
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Gutters. — Eave  or  valley  gutters  should  always  be  galvanized.  Valley  gutt«:s  should  be 
No.  20  gage.  Eave  gutters  and  conductors  should  be  No.  22  gage.  Gutters  should  be  sloped  not 
less  than  i  in.  in  15  ft. 


Weights  of  Have  Gutters 

AND  Conductors  of  Galv.  Iron  or 

Span  of  Roof. 

Size  of  Gutter. 

Wt.  per  ft. 

sue  and  Spadnc 
of  Conductor. 

Wt.  per  Un.  ft. 

up  to    50' 
$&  to    70' 
70'  to  100' 

&\  No.  22 
7".  No.  22 
8",  No.  22 

1.8  lb. 

1.9  lb. 
2.1  lb. 

4  in.  every  40'  0" 

5  in.  every  40'  0" 
5  in.  every  40'  0" 

1.5  lb. 
2.1  lb. 
2.3  lb. 

Details  of  conductors  and  downspouts  are  given  in  Fig.  21. 


/'(?'' 


Adjustable 
hanger  every 
4  fee^* 


Adjusts bJe  hsnger 
every  3  feet  for 
N-^2^/^d  N-^3* 


mz 


N'3 


fi 


Type 

Area 

Drained 

Sf'Ft' 

Size 

of 

6i/tber 

Conductors   \ 

D/am- 
Ins- 

3p3ced 
Ft' 

NSI 

OboJZOO 
IZOOtoISOO 
1800  toZ400 

6" 

4 

3 
3 

40 
40 
40 

NS2 
and 
NS3 

OloZ400 
Z400to3eOO 
3600  to  4800 

3''xl0' 

3 
6 
6 

40 
40 
40 

Eave  and  Valley  Gutters 

usual/y  N-20  or  same  gage 

as  roof/ff^* 

Slope  one  Inch  in  fifteen 

Feet- 
Order  in  S  feet  lengtiis* 
Conductors  usually  l/^Z^ 

or  same  gage  as  siding* 


Fig.  21.    Details  of  Conductors  and  Downspouts.    American  Bridge  Coupany. 


Puriins. — Details  of  connections  for  purlins  used  for  a  corrugated  steel  roof  are  given  in  Fig. 


22. 


Cornice. — For  details  of  cornice  see  the  author's  "  The  Design  of  Steel  Mill  Buildings.*' 
ROOF    COVERINGS. — Mill  buildings  are  covered  with  corrugated  steel  supported  directly 
on  the  purlins;  by  slate,  tile  or  cement  tile  supported  by  sub-purlins;  or  by  corrugated  steely 
slate,  tile,  cement  tile,  shingles,  gravel  or  other  composition  roof,  or  some  one  of  the  various  pat- 
ented roofings  supported  on  sheathing.    The  sheathing  is  commonly  made  of  a  single  thickness 


PURLIN   DETAILS  FOR  CORRrCATEO  SI 
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Wbens  purlins  are  punched  fbr  asiting  strips,  space  h^^sifo^  Bolt 

purfins  to  dtps  and  dips  to  trusses  unless  otherwise  spedfied* 


Fta.  23.    Detah.s  op  Puw-ins  for  Corrugated  Stbel  Roof.    American  Uridge  Comi-any. 
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of  planks,  i  to  3  inches  thick.  The  planks  are  sometimes  laid  in  two  thicknessea  with  a  layer  ot 
lime  mortar  between  the  layers  as  a  protection  against  fire.  In  fireproof  buildings  the  sheathing 
is  commonly  made  of  reinforced  concrete.  Concrete  slabs  are  sometimes  used  for  a  roof  covering, 
being  in  that  case  supported  directly  by  the  purlins,  and  sometimes  as  a  sheathing  for  a  slate  or 
tile  roof. 

The  nwfs  of  smelters,  foundries,  steel  mills,  mine  structures  and  similar  structures  are  com- 
monly covered  with  corrugated  steel.  Where  the  buildings  are  to  be  heated  or  where  a  more 
substantial  roof  covering  is  desired  slate,  tile,  tin  or  a  good  grade  of  composition  roofing  is  used, 
or  the  roof  is  made  of  reinforced  concrete.  For  very  cheap  and  for  temporary  roofs  a  cheap  com- 
position roofing  is  commonly  used.  The  following  coverings  wiJl  be  described  in  the  order  given; 
corrugated  steel,  slate,  tile,  tin,  and  tar  and  gravel.  A  slate  roof  on  reinforced  concrete  sheath- 
ing is  shown  in  Fig.  45  and  in  Fig.  46. 

CORRUGATED  STEEL  ROOFING. — Corrugated  steel  nx)fing  is  laid  on  plank  sheathing  or 
is  supported  directly  on  the  purlins.  Corrugated  steel  roofing  should  be  kept  well  painted  with  a 
good  paint.  Where  the  roofing  is  exposed  to  the  action  of  corrosive  gases  as  in  the  roof  of  a  smelter 
reducing  sulphur  ores,  ordinary  red  lead  or  iron  oxide  paint  is  practically  worthk'ss  as  a  protective 
coating;  better  results  being  obtained  with  graphite  and  asphalt  paints.  Tar  paint,  made  by 
mixing  tar,  Portland  cement  and  keriisene  in  the  proportions  of  16  parts  of  tar,  4  parts  of  Portland 
cement,  and  3  parts  of  kerosene,  by  volume,  is  .in  excellent  protection  against  corrosive  gases  in 
■melters  and  similar  structures.  Galvanized  corrugated  steel  is  quite  extensively  used.  To  pre- 
vent  the  condensation  of  vapor  on  the  inside  of  the  metal  roof,  corrugated  steel  roofing  should 
be  laid  on  sheathing  or  should  have  anti-condensation  lining. 

Corrugated  steel  sheets  covered  with  an  asbestos  preparation  can  now  be  obtained  on  t 
market. 

An ti- Condensation  Lining. — Anti-condensation  lining,  shown  in  Fig.  33,  consists  of  asbestos 
felt  supported  on  wire  netting  that  is  stretched  tight  and  supported  by  the  purlins.  Anti-con- 
densation lining  is  put  on  according  to  two  systems. 

Berlin  System,  (5)  Fig.  23. — (1)  Lay  galvanized  wire  netting.  No.  19,  2-in.  mesh,  tra 
versely  to  the  purlins  with  edges  about  \  \  in.  apart  so  that  when  laced  together  with  No.  20  b 
wire  the  netting  will  be  stretched  smooth  and  tight.     When  the  nurlins  are  spaced  more  than  ^  fi 
apart  stretch  No.  9  galvanized  wire  across  the  purlins  about  2  ft.  centers  to  hold  up  the  nettin 

(2)  On  the  top  of  the  wire  netting  place  a  layer  of  asbestos  paper  weighing  14  lb.  per  squai 
of  100  sq.  ft.,  and  on  this  place  a  layer  of  asbestos  paper  weighing  6  lb.  {x:r  square.  All  holes  i 
the  paper  must  be  patched  when  laid. 

(3)  On  lop  of  the  asbestos  paper  lay  two  thicknesses  of  Neponset  building  paper. 
NoU. — The  asbestos  and  building  pajx'r  should  lap  3  in.  and  break  joints  12  in.     The  coi 

gated  steel  is  fastened  with  the  usual  connections.     Use  tin  washers  on  corrugated  steel  bol 
where  there  is  danger  of  breaking  or  tearing  the  lining. 

Wire  netting.  No.  19  gage,  2-in.  mesh  conies  in  bundles  6  ft.  wide  and  150  ft.  long,  containi 
poo  sq.  ft.  Asbestos  comes  in  rolls  3&  in.  wide  and  is  sold  by  the  (wiund.  No.  20  brass  wire 
bought  by  the  pound.  272  lineal  ft.  weigh  one  pound.  Neponset  building  paper  comes  in  ro 
36  in.  wide  and  250  ft.  or  500  ft.  long.  Do  not  cut  a  roU.  Add  10  per  cent  for  laps  of  asbest 
and  building  paper. 

Minneafwlis  System,  (6)  Fig.  23. — (l)  Lay  wire  netting,  No.  19,  2-in.  mesh,  transversely  to 
the  purlins,  with  edges  i  §  in.  ai>art,  so  that  when  laced  together  with  No.  20  brass  wire  the  netting 
will  be  stretched  smooth  and  tipht. 

(2)  On  the  top  ol  the  netting  lay  asbestos  paper  weighing  30  lb.  to  the  BCjuare  of  100  sq.  ft., 
allowing  3  in.  for  Lipe.  For  important  work  lay  one  or  two  thicknesses  of  building  paper  on  top 
of  the  asbestos. 

(3)  Lay  the  corrugatc<I  stetd  and  fasten  to  purlins  in  the  usual  manner. 
Note. — If  wood  purlins  are  used  the  wire  netting  may  be  fastened  to  the  nailing  strips  wi 

I  in.  staples.     Where  the  purlins  are  more  than  2  It.  6  in.  centers  place  a  line  of  A  in.  bolts  betwe 
purlins,  about  2  ft.  centers,  with  washers  l  in.  X  4  in.  X  i  in.  to  prevent  netting  from  saggingj 
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SLATE  ROOFING. — Roofing  slates  arc  usually  made  from  i  to  ^  inches  thick;  ^  inch 
being  a  very  common  thickness.     Slates  var>*  in  size  from  6  in.  X  12  in.  to  24  in.  X  44  in.;  the 
I      ntca  varying  from  6  in.  X  12  in.  to  12  in.  X  iS  in.  being  the  most  common. 
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Slates  are  laid  like  shingles  as  shown  in  Fig.  35.  The  lap  most  commonly  used  is  3  inches; 
where  less  than  the  minimum  pitch  of  \  is  used  the  lap  should  be  increased.  The  number  of  slates 
of  different  sizes  required  for  one  square  of  100  sq.  ft.  of  roof  for  a  3-in.  lap  are  given  in  Table  II. 
The  weight  of  slates  of  the  various  lengths  and  thicknesses  required  for  one  square  of  roofing, 
using  a  3-in.  lap  is  given  in  Table  III.  The  weight  of  slate  is  about  174  lb.  per  cu.  ft.  The  weight 
of  slate  per  superficial  sq.  ft.  for  different  thicknesses  is  given  in  Table  IV. 

TABLE  II. 
NuuBEK  OF  Roofing  Slates  Required  to  Lay  One  Square  of  Roof  with  3-In.  Lap. 


SKlnlncbef. 


6X12 
7X12 
8X  12 
9X  12 

10  X  12 

12  X  12 

7X14 

8X  14 

9X14 

10  X  14 

12X14 


No.  at  Slate  In 
Square. 


533 
457 
400 

355 

320 
266 
374 
327 

291 
261 

218 


Slxein  Inches. 


8  X  16 

9X  16 

10  X  16 

12  X  16 

9X  18 

10  X  18 

11  X  18 

12  X  18 

14  X  18 

10  X  20 

11  X  20 


No.  of  Slate  In 
Square. 


277 
246 
221 
184 

213 
192 

174 
160 

169 

154 


Size  in  Inches. 


12  X  20 
14  X  20 
II  X  22 
12X22 

14  X  22 

12X24 
14X24 
16X24 

14X26 
16X26 


No.  of  Slate  in 
Square. 


TABLE  III. 
The  Weight  of  Slate  Required  for  One  Square  of  Roof. 


Lcnsthin 

Weight  in  pounds,  per  square,  for  the  thickness. 

Inches. 

i" 

A" 

i" 

1" 

i" 

1" 

1" 

I" 

12 

483 

724 

967 

1450 

1936 

2419 

2902 

3872 

14 

460 

688 

920 

1370 

1842 

2301 

2760 

3683 

16 

445 

667 

890 

1336 

1784 

2229 

2670 

3567 

18 

434 

650 

869 

1303 

1740 

2174 

2607 

3480 

20 

425 

637 

851 

1276 

1704 

2129 

2553 

3408 

22 

418 

626 

836 

1254 

1675 

2093 

2508 

3350 

24 

412 

617 

825 

1238 

1653 

2o66 

2478 

3306 

26 

407 

610 

815 

1222 

163 1 

2039 

2445 

3263 

TABLE  IV. 
Weight  of  Slate  Per  Square  Foot. 


Thickness — in 

Weight— lb 

i 

1.81 

A 

2.71 

3.62 

S 

5-43 

7.25 

I 

9.06 

1 

10.87 

I 

14.S 

The  minimunt  pitch  recommended  for  a  slate  roof  is  };  but  even  with  steeper  slopes  the  rain 
and  snow  may  be  driven  under  the  edges  of  the  slates  by  the  wind.  This  can  be  prevented  by 
laying  the  slates  in  slater's  cement.  Cemented  joints  should  always  be  used  around  eaves,  ridges 
and  chimneys. 

Slates  are  commonly  laid  on  plank  sheathing.  The  sheathing  should  be  strong  enough  to 
prevent  deflections  that  will  break  the  slate,  and  should  be  tongucd  or  grooved,  or  shiplapped,  and 
dressed  on  the  upper  surface.  Concrete  sheathing  reinforced  with  wire  mesh,  expanded  metal 
or  rods  is  now  being  used  quite  extensively  for  slate  and  tile  roofs,  and  makes  a  fireproof  roof,  see 
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Fig.  46.  Tar  roofing  felt  laid  between  the  slates  and  the  sheathing  assists  materially  in  making 
the  roo£  waterproof,  and  prevents  breakage  when  the  roof  is  walked  on.  The  use  of  rubbcr-soIcd 
6hoc«  by  the  workmen  will  materially  reduce  the  breakage  caused  by  walking  on  the  roof.  Roof- 
ing sUtcs  may  also  be  itupported  directly  on  sul>purlins.  The  details  of  this  method  are  practically 
the  same  as  for  tile  rooBng,  which  see. 

When  roofing  slates  are  laid  on  sheathing  they  are  fastened  by  two  nails,  one  in  each  upper 
corner.  Fig.  33.  When  supported  directly  on  sub-purlins  the  slates  are  fastened  by  copper  or 
composition  wire.  Galvanized  and  tinned  Htcel  nails.  ct>pper,  com^wsition  and  zinc  slate  roofing 
nuls  arc  used.  Where  the  roof  is  to  be  exposed  to  corrosive  gases  copper,  composition  or  zinc 
nails  should  be  use^J. 

TILE  ROOFING. — Baked  clay  or  terra-cotta  mo5ng  tiles  are  made  in  many  forms  and 
dRs.  Plain  roofing  tiles  are  usually  lo(  in.  long.  6^  in.  wide  and  f  in.  thick;  weigh  from  2  to 
»J  lb.  each  and  lay  one-half  to  the  weather.  There  are  many  other  forms  of  tile  among  which 
book  tile,  Sponiih  tile,  pan  tile  and  Ludowici  tile  ore  well  known.  Tiles  arc  also  made  of  glass 
aod  arc  used  in  the  place  of  skylights. 

Tiles  may  be  laid  (i)  on  plank  sheathing,  (2)  on  reinforced  concrete  sheathing,  or  (3)  may  be 
sumxjrted  directly  on  angle  sub-purlins  as  shown  in  Fig.  13.  Tiles  arc  laid  on  sheathing  in  the 
tame  manner  as  states. 

The  roof  shown  in  Fig.  13  was  constructed  as  follows:  Terra-cotta  tiles,  manufactured  by 
the  Ludowici  Roofing  Tile  Co.,  Chicago,  III.,  were  laid  directly  on  the  angle  sub-purlins,  every 
fourth  tile  being  secured  to  the  angle  sub-puHins  by  a  piece  of  copper  wire.  The  tiles  were  inter- 
locking, requiring  no  cement  except  in  exceptional  cases.  The  tiles  were  9  X  16  in.  in  sicze;  135 
being  sufficient  to  lay  a  square  of  100  sq.  ft.  of  noof.  These  tiles  weigh  from  750  to  800  lb.  per 
•quare,  and  cost  about  $6.00  per  sniuarc  at  the  factory.  Skylights  in  this  roof  were  made  by 
substituting  glass  tiles  for  the  terra-cotta  tiles.  This  and  similar  tile  have  bi>en  usi'd  in  this  man- 
ner on  a  large  number  of  milU  and  train  sheds  with  excellent  results. 

Tile  nxjfs  laiil  without  sheathing  do  not  ordinarily  condense  the  steam  on  the  inner  surface 
of  the  roof  unless  the  tiles  are  glazed,  although  several  cases  have  been  brought  to  the  author's 
attention  where  the  condensation  has  caused  trouble  with  tile  roofs  made  of  porous  tiles.  Anli- 
condensation  roof  lining  should  be  used  where  there  is  danger  of  excessive  sweating,  or  a  porous 
tile  should  be  used  that  is  known  to  be  non-sweating. 

TIN  ROOFING. — Two  sizes  of  tin  plates  arc  in  common  use,  14  in.  X  20  in.  and  ao  in.  X  28 
,f  the  latter  size  bi*ing  most  uwil.     Tin  sheets  are  made  in  several  thicknesses,  the  IC,  or  No.  29 

weighing  8  ounces  to  the  sq.  ft.,  and  the  IX,  or  No.  27  gage  weighing  10  ounces  to  the  sq.  ft., 
Wing  the  most  used.  The  standard  weight  of  a  box  of  112  sheetB,  14  X  20  size  is  108  lb.  for  IC 
plate,  and  136  lb.  for  IX  plate.  Boxes  containing  imperfect  sheets  or  **  wasters  "  are  marked 
ICW  or  IXW.  Every  sheet  should  be  stamped  with  the  name  of  the  brand  and  the  thickness. 
The  value  of  tin  roofing  depends  upon  the  amount  of  tin  used  in  coating  and  the  uniformity  with 
which  the  inm  has  t>ecn  coated.  The  amount  of  tin  used  varies  from  8  to  47  lb.  for  a  box  of  20  X  28 
nMc  containing  112  sheets. 

Tin  roofing  is  laid  (1)  with  a  flat  scam,  or  (2)  with  a  standing  seam.  In  the  former  method 
the  ebcrts  of  tin  are  locked  into  each  other  at  the  edges,  the  seam  is  flattened  and  fastened  with 
tin  cleat5  or  is  nailed  firmly  and  is  soldered  water  tight.  Rosin  is  the  Ix'st  flux  for  soldering,  al- 
though stHiie  tinners  recommend  the  use  of  diluted  chloride  of  zinc.  For  flat  roofs  llic  tin  should 
be  locked  and  soldered  at  all  joints,  and  should  be  secured  by  tin  cleats  and  not  by  nails.  For 
sleep  roofs  the  tin  is  commonly  put  on  with  standing  scams,  not  soldered,  running  with  the  pitch 
-of  the  roof,  and  with  cross-ficanis  double  lockc*d  and  soldered.  One  or  two  layers  of  tar  paper 
■bould  be  placed  botwcfn  the  .sheathing  and  the  tin. 

Tbc  under  side  of  the  sheets  should  be  painted  Ix-fore  laying.  Tin  roofs  should  be  painted 
tvtry  two  or  three  years.     If  kept  well  minted  a  tin  roof  should  last  25  to  30  years. 

For  flat  seam  roofing,  using  \  in.  locks,  a  box  of  14  X  20  tin  will  cover  192  stj,  ft.,  and  for 
standing  seam,  using  |  in.  locks  and  turning  \i  and  (|  in.  c<lges,  making  1  in.  standing  scams, 
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will  lay  l68  sq,  ft.     For  flat  seam  roofing,  using  \  in.  locks,  a  box  of  30  X  28  tin  will  lay  about 
sq.  ft.,  and  for  standing  seam,  using  §  in.  locks  and  turning  i)  and  i|  in.  edges,  making  i  in. 
standing  scams,  it  will  lay  about  365  sq.  ft. 

TAR  AND  GRAVEL  ROOF.=Tar  and  gravel  roofs  are  called  three-,  four-,  five-ply,  etc., 
dei)ending  upon  the  number  of  layers  of  roofing  felt.  Tar  and  gravel  roofs  may  be  laid  upon  timber 
sheathing  or  upon  concrete  slabs.  For  details  of  a  tar  and  gravel  roof  see  Fig.  23.  The  followii^ 
specifications  are  taken  from  the  author's  **  Specifications  for  Steel  Frame  Buildings." 

SpeciflcatioDS  for  Five-Ply  Tar  and  Gravel  Roof  on  Timber  Sheathing. — The  materials  used 
in  making  the  roof  ,*irc  I  (one)  thirknrss  of  sheathing  paper  or  iinMturated  felt,  g  (five)  thick- 
nesses of  saturated  felt  weighing  nut  lebs  ihun  15  (fifteen)  lb.  per  square  of  one  hundred  (100) 
BC].  ft.,  single  thickness,  ami  not  less  than  one  hundred  and  twenty  (120)  lb.  of  pitch,  and  not 
less  than  four  hundred  (400)  lb.  of  gravel  or  three  hundred  (joo)  tb.  of  slag  from  i  to  j  in.  in  sire, 
free  from  dirt,  per  square  of  one  hundred  (too)  sq.  ft.  of  connpleted  roof. 

The  material  shall  he  applied  as  follows;  First,  lay  the  sheathing  or  unsaturated  felt,  lapping 
each  sheet  one  in.  over  the  preceding  one.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping 
each  sheet  seventeen  (17)  in.  over  ihe  preceding  one,  nailing  as  often  as  may  be  ncccs;sar>'  to 
hold  the  sheets  in  place  until  the  remainmg  felt  is  applitxi.  Third,  coat  the  entire  surface  of  this 
two-ply  layer  with  hot  pilch*  mopping  on  uniformly.  Fourth,  apply  three  (3}  thicknesses  of  felt, 
lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding  one,  mopping  with  hot  pitch  the  full 
width  of  the  32  in.  between  the  plies,  so  that  in  no  case  shall  felt  touch  fett.  Such  nailing  as  is 
neccssar>'  shall  be  done  so  that  all  nails  will  be  covered  by  not  less  than  two  plies  of  felt;  fifth, 
spread  over  the  entire  surface  of  the  roof  a  uniform  coating  of  pitch,  into  which,  while  hot,  imbed 
the  gravel  or  slag.     The  gravel  or  slag  in  aH  rases  must  Im?  dry. 

SpecificatioQB  for  Five-Ply  Tar  and  Gravel  Roof  on  Concrete  Sheathing. — The  materials 
used  shall  be  the  same  as  for  tar  and  gravel  roof  on  timber  sheathing,  except  that  the  one  thick- 
ness of  sheathing  fjancr  or  unsaturated  felt  may  be  omitted. 

The  materials  shall  \jc  applied  as  follows;  First,  coat  the  concrete  with  hot  pitch,  mopped 
on  uniformly.  Second,  lay  two  (2)  thicknesses  of  tarred  felt,  lapping  each  sheet  seventeen  (l?) 
in.  over  the  preceding  one,  and  mop  with  hot  pitch  the  full  width  of  the  17-in.  lap,  so  that  in  no 
case  shall  felt  touch  felt.  Thinl,  cait  the  entire  surface  with  hot  pitch,  mopped  on  uniformly. 
Fourth,  lay  three  (3)  thicknrssrs  of  felt,  lapping  each  sheet  twenty-two  (22)  in.  over  the  preceding 
one.  mopping  with  hot  pitch  the  full  width  of  the  22-in.  lap  between  the  plies,  so  that  in  no  case 
shall  felt  touch  felt.  Fifth,  sprea<l  the  entire  surface  of  the  roof  with  a  uniform  coat  of  pitch, 
into  which,  while  hot,  imbed  gravel  or  slag. 

Cost  of  Five-Ply  Tar  and  Gravel  Roofing.*— The  cost  of  a  round  house  roof  in  the  middle 
^xst,  based  on  1912  prices  and  containing  500  squares  of  five-ply  tar  and  gravel  roofing,  was  as 
follows. 

Cost  per  square  of  too  sq.  ft.  not  including  fixed  charges  or  profit,  not  including  sheathing. 

Sheathing  paper,  5  lb $0.12 

Pitch,  155  lb.  at  60  cents  i^er  100  lb 0.93 

Felt,  85  lb.  at  $1.65  per  100  lb 1.40 

Nails  and  cap8 0.05 

Cleats  for  flashing 0.05 

Gravel  (about  one-seventh  yard) aj 

Labor,  including  hauling,  board  and  railroad  fare 1. 15 

Total  cost  per  square $3.93 

SHOP  FLOORS. — Floors  for  industrial  plants  may  he  placed  nn  a  foundation  resting  directly 
on  the  ground  or  may  be  self  supporting.  Several  examples  of  shop  fltwrs  that  rest  on  the  ground 
are  shown  in  Fig.  25.  Standard  specifications  for  a  cement  floor  and  for  a  wood  floor  on  a  tar 
concrete  base  follow. 

The  following  specifications  are  from  the  author's  '*  Specifications  for  Steel  Frame  Buildings." 

Specifications  for  Cement  Floor  on  a  Concrete  Base.  Materials. — The  cement  used  shall 
be  fir^t-class  Portland  cement,  and  shall  pass  the  standards  of  the  American  Society  for  Testing 
Materials.     The  sand  for  the  lop  finish  shall '       >  »    <  i    ■    1,  . 

sieve  and  shall  have  passed  the  No.  20  sieve 

•Am.  Ry.  Eng.  Assoc.,  Vol.  14.  p.  852, 


The  sand  for  the  lop  finish  shall  be  clean  and  sharp  and  shall  be  retained  on  a  No.  30 

Broken  stone  lor  the  top  finish  shall  pass  a  )  in. 
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and  shall  be  retained  on  the  No.  20  screen.  Dust  shall  be  excluded.  The  sand  for  the 
base  shall  be  clean  and  sharp.  The  aggregate  for  the  base  shall  be  of  brotcen  stone  or  gravel  and 
vhall  pass  a  2  in.  ring. 

Base. — On  a  thoroughly  tamped  and  compacted  subgrade  the  concrete  for  the  base  shall  be 
laid  and  thoroughly  tamped.  The  base  shall  not  be  less  than  24  in.  thick.  Concrete  for  the 
base  shall  be  thoroughlv  mixed  with  sufficient  water  so  that  some  tamping  is  required  to  bring 
the  moisture  to  the  surface.     If  old  concrete  is  used  for  the  base  the  surface  shall  ^  roughened 
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Fig.  25.    Examples  of 


1 


(h)  Concrete  Shop  Floor 
Ground  Shop  Floors. 


and  thoroughly  cleaned  so  that  the  new  mortar  will  adhere.  The  roughened  surface  of  old  con- 
crete shall  then  be  ihurou{;hly  wet  so  that  the  Iklsc  will  not  draw  water  from  the  finish  when  the 
Utter  is  applie<J.     Before  scrubbing  the  base  with  grout  the  excess  water  shall  be  removed. 

FiaJBD. — With  old  concrete  the  surface  of  the  base  shall  first  be  scrubbed  with  a  thin  grout 
of  pure  cement,  rubbed  in  with  a  broom.  On  top  of  this,  before  the  thin  coat  is  set,  a  coat  of 
hnish  mixed  in  the  proportions  of  one  part  Portland  cement,  one  part  stone  broken  to  pass  a  \  in. 
ring,  and  one  part  <uind  shall  be  troweled  on  using  as  much  pressure  as  possible,  so  that  it  will 
take  a  firm  bond.  After  the  finish  has  been  applied  to  the  desired  thickness  it  should  be  screedcd 
and  floated  to  a  true  surface.     Between  the  time  of  initial  and  final  set  it  shall  be  finished  by 
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stdllcd  workmen  with  stcct  trowels  and  shall  be  worked  tu  a  final  surface.     Under  no  conditit 
yhall  a  dryer  In.'  used,  nur  shall  water  L»e  added  to  make  the  material  work  easily. 

Specifications  for  Wood  Floor  on  a  Tar  Concrete  Base.  Floor  Sleepers. — Sleepers  for 
carrying  the  timber  Jloor  sh;tl]  be  3  in.  X  3  in.  placed  18  in.  c.  lu  c.  After  the  Kubj^adc  has  been 
thoruuglily  lampt-d  and  rolled  to  an  elevatiitn  uf  4^  in.  below  the  tups  of  the  sleepers,  the  sleepers 
shall  be  placed  in  pusttion  and  supported  on  stakes  driven  in  the  subgrade.  Before  depositing 
the  tar  concrete  the  sleeijers  niu^it  bl-  brought  to  a  true  level. 

Tar  Concrete  Base. — The  tar  concrete  base  shall  Ix'  not  less  than  4J  in.  thick  and  shall  be 
laid  as  follows:  First,  a  layer  three  (3)  in.  thick  of  coarsie,  screenL-d  gravel  thoroughly  mi\ed  with 
tar,  and  tamped  to  a  hard  level  surface.  Second,  on  Ihis  bed  spread  a  top  dressing  li  in.  thick 
of  sand  heated  and  thoroughly  mixed  with  coal  tar  pitch,  in  the  proportions  of  one  (1)  part  pilch 
to  three  <3)  parts  tar.  The  gravel,  sand  and  tar  shall  be  heated  to  from  200  to  300  degrees  F 
and  shall  be  thoroughly  mixed  and  carefully  tampefl  into  place. 

Plank  Sub-Floor. — Thf  fl^Mtr  plank  shall  be  of  soitml  hemlock  or  pine  not  lea»  than  2 
thick,  plani'd  on  one  side  and  one  edge  to  an  even  thickness  and  width.  The  floor  plank  ia  to 
toe-nailed  with  4  in.  wire  natU. 

Finished  Flooring, — The  finished  flooring  Is  to  he  of  maple  of  clear  stock,  I  in.  finished  thick 
ness,  thoroughly  air  and  kiln  dried  and  not  over  4  in.  wide.  The  flooring  is  to  br  planed  to  an  even 
thickness,  the  etiges  jointed,  and  the  underside  channeletl  or  ploughed.  The  finished  Hour  is  to 
be  laid  at  right  angles  to  the  sub-t^iior.  ami  each  board  neatly  fitted  at  the  ends,  breaking  joints 
at  random.  The  noor  is  to  be  hnal  nailed  with  10  d.  or  3  in.  wire  nails,  nailed  in  diagonal  rows 
16  in.  apart  across  the  boards,  with  two  (2)  nails  in  each  row  in  every  board.  The  floor  to 
finished  off  perfectly  smor>th  on  completion. 

The  finished  flooring  is  not  to  be  taken  into  the  building  or  laid  until  (he  tar  concrete 
and  sub-plank  floor  are  thoruughty  dried. 
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(i)  "BuacFre'* Fireproof  Floorins  QJ Multiplex  Steel  Plate  Floor 

Fig.  26.     Examples  of  Shop  Floors  Above  Ground. 


Shop  floors  above  ground  may  be  made  of  timber  resting  on  beams,  of  brick  arch  consti 
tion,  (a)  Fig.  36,  of  concrete  with  corrugated  mecl  arch  centers  as  shown  in  (6),  of  reinforced  coi 
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SB  shown  in  (c)  and   (rf),  of  stot-l  filled  with  concrete  as  shown  in  (r),  (/).  (g),  {k),  or  of 

concrete  reinforced  with  Buckeye  tlooring  as  shown  in  (i)  or  Multiplex  flooring  as  shown  in  (J). 

&        Timber  Floors.— The    \eIlow    I'inc    Manufacturers    Absociation    has   calculated    the    safe 

■pan  of  yellow  pine  when  usetl  for  mill  floors  wi(h  filler  stresses  of  1,200  to  1,800  lb.  per  sq.  in. 

for  live  loads  of  100  lo  300  lb.  per  aq.  ft.  in  addition  to  the  weight  of  the  floor.  Table  V.     fn  the 

^nc  marked  "  Deflection  "  is  given  the  span  which  has  a  maximum  deflection  of  one  thirtieth  of 

ftn  inch  per  foot  of  span  for  the  various  live  loads.     The  modulus  of  elasticity  of  timber  was  taken 

At  1,684,800  lb.  per  sq.  in.     The  table  may  be  used  for  any  kind  of  timber  by  using  the  proper 

porking  stn-ss.     The  maximum  spans  for  fiber  stresses  less  than  1,200  lb.  per  sq.  in.  may  be  found 

aa  follows:  Required  the  maximum  safe  s]jan  for  a  timber  floor  at  in-  thick  for  a  filxr  stress  of 

800  lb.  per  sq.  in.  and  a  live  load  of  150  lb.  per  sq.  ft.     The  span  is  approximately  the  same  as  for 

a  fiber  stress  of  1,200  lb.  per  sq.  in.  and  a  live  loiid  of  225  lb.  per  sq.  ft.,  -  6  ft.  11  in.;  or  for  a 

fiber  alrcss  of  1,600  lb.  per  sq.  in.  and  a  li%'c  load  of  300  lb.  per  sq.  ft.,  =  6  ft.  11  in. 


TABLE  V. 

AtxowABLE  Span  for  Timber  Floors. 

Yellow  Pine  Manufacturers  Association. 
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ge  floors  in  Chapter  IV. 


walls,  etc.,  Mc  methods  of  waterproofing 
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Quality  of  Class 

5" American  Single  Strength 

''B"Americ9n  Dou6/e  Strength 

10'^  72"  1  /?'x/?'  1  /(?'x/^'|  /^'x/^'^ 

iO^^iS"     12'^  iG"     14"^  16" 

A/7  sash  to  be  //  thic7<,  except  SUding  Sash,  Pi}7oted Sash,  ^id  Single  Sash  (or  em 
fiaiF oF Ooub7e  Sash)  exceeding  4ohi^  or  ^''(/'wh^,  tvhich  sTiouid be  made  /§" thick* 

TopRaiis2^'- Stiies  2^"'  Bottom  Rail  5" -  Muntmsf- 

Pivoted  Sash,  4  lights  high  or  over,  to  have  one  NorizontaiMuntini^  thick;  aff 
otTwrSash,  6  lights  high  or  over,  to  have  one  Mor7zonta7  Munt7n  li'  thick* 

Pivoted  Sash,  4  lights  wide  or  over,  to  have  one  ^rticai  Muntin  Ij  'thkk;  all 
other  Sash,  6 lights  wide  or  over,  to  have  one  Vertical  Muntin  ii  'thick  • 

for  Ph^otedSash  4  and 3  Ughts  high  or  wide,  add  1^" to  figures  given  in  ^ve  tables* 


Fig.  27.    Dimensions  and  Data  for  Glazed  Wood  Sash, 
American  Bridge  Company. 
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WINDOWS  AND  SK7  LIGHTS. — Mill  and  mine  buildings  should  have  an  ample  amount 
of  glazing  in  the  form  of  windows  and  sky  lights.  Plane  glass  is  made  in  two  thicknesses,  single 
strength  approximately  ^  in.  thick,  and  double  strength  approximatley  |  in.  thick.     Plane 
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Fig.  29.    Data  for  Doublb  Hung  Weighted  Windows. 
American  Bridge  Company. 


glass  is  graded  as  AA,  A,  and  B.  The  AA  grade  being  the  best  and  the  B  grade  the  poorest. 
Wire  glass  is  -^  in.  or  \  in.  thick  and  may  be  obtained  with  a  smooth  surface,  with  factory  nbs 
or  prisms.  For  ordinary  windows  double  strength  glass  gives  very  satisfactory  results.  For 
sky  lights  and  where  windows  are  liable  to  be  broken,  wire  glass  should  be  used.     The  best 
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Fig  30.    Data  for  Cochtekbalanceo  Windows. 
American  Bridge  Company. 
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Fig.  31.    Data  for  Pivoted  Windows.    American  Bridge  Company. 


glass  for  gliizinK  windows  in  industrial  plants  is  "  factory  ribljcd  glass  "  with  twenty-one  ribd  to 
the  inch,  the  ribs  being  placed  on  the  inside  of  the  window.  This  glass  is  considerably  more  ex- 
pensive than  plane  glass  but  is  much  more  satiiifactory. 

Translucent  fabric  made  by  imbedding  wire  cloth  in  a  translucent  material  made  of  Unseed 
on,  is  also  used  for  glazing  in  industrial  buildings.  Translucent  fabric  will  be  charred  by  a  li\'e 
coat  but  is  practirally  fire-proof.  It  shuts  off  part  of  the  light,  making  it  possible  for  men  to  work 
under  it  without  shading. 
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Fig.  j2.    Data  for  Continuol's  Pivoted  and  Kixed  Sash  in  Monitors. 
American  Bridge  Company. 


The  amount  of  glazed  surface  required  in  mill  buildings  depends  upon  the  use  to  which  the 
building  is  put,  the  material  used  in  glazing,  the  location  and  the  angle  of  the  windows  and  sky 
lights,  and  the  clearness  of  the  atmwphere.  It  is  common  to  specify  that  not  less  than  lo  per 
ccni  of  the  exterior  surface  of  mill  buildings  and  25  per  cent  of  the  exterior  surface  of  machine 
fthops  shouM  be  glaied.  Many  industrial  plants  have  as  much  as  60  per  cent  of  the  exterior 
walbof  gUflt. 
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Fig.  33.    Data  for  Continuous  Fixed  Sash. 
American  Bridge  Coupany. 


VENTILATORS   AND    DODRS. 
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Details  of  glazed  sash  and  window  frames  as  adopted  by  the  American  Bridge  Company 
are  given  in  Fig.  27  to  Fig.  54- 

VENTILATORS. — Mill  buildings  may  be  ventilated  by  means  of  monitor  ventilators,  or  by 
means  of  circular  ventilators.  Details  of  a  circular  ventilator  as  designed  by  the  American  Bridge 
Company  are  shown  in  (3)  Fig.  23.  Details  of  a  standard  monitor  steel  louvre  ventilator  are 
shown  in  Fig.  35.  The  aides  of  the  monitor  ventilator  in  Fig.  42  were  fitted  with  louvres  which 
were  to  be  closed  in  cold  weather.  Buildings  of  this  type  should  have  glazed  sash  so  that  when 
the  ventilators  arc  closed  the  light  will  not  be  cut  oflf.  Data  for  estimating  louvre  slats  arc  given 
in  Fig.  20. 
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Fig.  34.     Data  for  Continuous  Sliuinc  Sash. 
AuBRiCAN  Bridge  Company. 

WOODEN  DOORS. — Woixien  d(x>rs  arc  usually  constructed  of  matched  pine  sheathing 
nailed  to  a  wooden  frame  as  shown  in  Fig.  36.  These  doors  are  made  of  white  pine.  Doors  up 
to  four  feet  in  width  should  be  swung  on  hinges;  wider  doors  should  be  made  to  slide  on  an  over- 
bead  track  or  should  be  counter-balanced  and  raise  vertically.  Sliding  doors  should  be  at  least 
4  in.  wider  and  2  in.  higher  than  the  clear  opening. 


! 
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Details  of  a  Steel  MoNiTt)R  Louvre  Ventilator. 
American  Bridge  Company. 


'  Sandwich  "  doors  arc  made  by  covering  a  wooden  frame  with  flat  or  comiKated  steeL 
»e  wooden  framework  of  these  doors  is  commonly  made  of  two  or  more  thicknesses  of  \  in, 
dressed  and  matched  white  pine  sheathing  not  over  4  In.  wide,  laid  diagonally  and  nailed  with 
clinch  nails.  Care  must  be  used  in  handling  sandwich  doors  made  as  above  or  they  will  warp 
out  of  shape.  Curruijated  steel  with  \\  in.  corruK<itions  makes  the  neatest  covering  for  sandwich 
doors. 

For  swing  doors  use  hinges  about  as  follo'n's:  For  doors  3  ft.  X  6  ft.  or  less  use  10  in.  strap  or 
10  in.  T-hinges;  for  doors  3  ft.  X  6  ft.  to  3  ft.  X  8  ft.  use  16  tn.  strap  or  16  in.  T-hinges;  for  doors 
3  ft.  X  8  ft.  to  4  ft.  X  10  ft.  use  24  in.  strap  hinges. 

STEEL  DOORS. — Details  of  a  steel  sliding  door  are  shown  in  Fig.  37.  Details  of  a  swing- 
ing steel  door  are  shown  in  Fig.  38.  Steel  doors  should  be  covered  with  corrugated  steel,  prefer- 
[ably  with  \\  in.  corrugations. 

Details  of  the  track  for  a  sliding  door  are  shown  in  Fig.  39. 

EXAMPLES  OF  STEEL  MILL  BUILDINGS.— The  following  examples  will  illustrate  the 
practice  in  the  design  of  sicel  mill  buildings. 

Example  of  Setchum's  Modified  Saw  Tooth  Roof. — The  modified  form  of  saw  tooth 
roof  shown  in  (n)  Fig.  6,  was  proposed  by  the  author  in  the  first  edition  of  "The  Design 
of  Steel  Mill  Buildings  "  (1903).  This  form  of  saw  tooth  roof  has  been  -used  in  the  patnt 
shops  of  the  Plank  Road  Shops  of  the  Public  Service  Corporation  of  New  Jersey,  Newark,  N.  J. 
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Fic.  36.    Dbtails  op  Wooden  Dooks.    American  Budge  Compant. 
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The  building  proper  is  135  ft.  wide  by  554  ft.  long.  The  main  trusses  are  of  the  modified  saw 
tooth  type  with  44  ft.  spans  and  a  rise  of  },  and  are  spaced  16  ft.  centers.  The  general  details  of 
one  of  the  main  trusses  are  shown  in  Fig.  40.    The  building  has  an  independent  steel  framing  with 
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Fig.  37.    Details  of  a  Sliding  Steel  Door.    American  Bridge  Company. 


brick  curtain  walls  on  the  exterior.  Pilasters  24  in.  by  20  in.  are  placed  16  ft.  apart  under  the  ends 
of  the  trusses,  the  intermediate  curtain  walls  being  12  in.  thick.  The  roof  is  a  5  ply  slag  roof  laid 
on  tongucd  and  grooved  spruce  sheathing,  which  is  spiked  to  2  in.  X  5  in.  spiking  strips,  which  are 
bolted  to  8  in.  channel  purlins  spaced  6  ft.,ccntcr8. 
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Fig,  3a.    Details  of  a  Swinging  Stekl  Dook.    Amekican  Bridge  Company. 
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Fig.  39.    Details  of  a  Tsack  for  a  Sliding  Door. 


Fig.  40.    Modified  Saw  Tooth  Roof,  Paint  Shop,  Public  Service  Corporation. 


A  STEEL  TRANSFORMER  BUILDING. 

A  Steel  Truisfonner  Building. — The  framework  of  a  steel  frame  transformer  building  is  shown 
in  Fig.  41  and  i*"ig.  4.2,  The  trusses  arc  Fink  trusses  with  the  members  made  of  angles  placed 
back  lo  back.     The  main  columns  carrying  the  roof  trusses  are  made  of  four  angles  laced,  the 


SECTWff 


3ucm  m  Plans  of  Bottom  CHOfio  Biu^amm Plane  of  top  OiQRi> 
Fig.  41.    Plans  or  a  Traxsporuer  BuaoiNc. 


MCtioo  being  I-shapcd,  each  flange  being  compo«ed  of  two  angles  placed  back  to  back  with  the 
lav  IcgB  oatsfanding,  and  the  web  consisting  of  lacing.  The  columns  in  the  end  of  the  building 
•M  mftde  of  9  in.  I-bcams.  The  main  purlina  arc  made  of  5  in.  channeU  %  b\  lb.,  white  the  girts 
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Fig.  43.    Plans  of  a  Transformer  Building. 

are  4  in.  channels  @  5^  lb.  The  purlins  are  spaced  less  than  4  ft.  9  in.,  which  U  a  maximum  spac- 
ing where  corrugated  steel  rcxtfing  is  used  without  shealhing.  The  steel  framework  is  braced  in 
the  plane  of  the  top  chord  and  the  sides  and  ends  of  the  building  by  means  uf  diagonal  rods  2  in. 
in  diameter.  The  came  girder  beams  in  the  plane  of  the  lower  chord  brace  the  building  longi- 
tudinally, the  diagonal  bracing  being  composed  of  angles. 
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Fig,  43.    Cobhugated  SteeI  Plans  for  TRANSFoaiiER  Building. 

CarruiateA  Sttti  Cowring. — The  plana  for  the  corrugated  steel  covering  on  the  roof  and  sidct 
arc  shown  in  Fig.  4.^  and  Fig.  44.  Tht:  corrugated  Bteel  for  the  roof  is  No.  32  gage  steel  with  2j 
in.  romjgation».  while  the  corrugated  steel  for  the  sides  is  No.  24  gage  steel  with  3^  in.  corrugations. 
The  flashing  and  ndge  roll  arc  made  of  No,  22  Hat  sheet  steel. 
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CoitflUGATEI)  STBEL  LlST  AND  DETAILS  FOR  TRANSFOEUER   DUILDING. 


STEEL  FRAME  BUILDING  WITH   PLASTER  WALLS. 


I 


I 


To  prevent  the  coiKJcnsation  of  moisture  on  the  inside  of  the  steel  roof  and  the  resulting 
dripping,  a nti -condensation  lining  was  uaed,  as  is  shown  in  Kig.  44  This  lining  was  constructed  as 
follows:  Galvanized  wire  poultry  netting  was  fastened  to  one  eave  purlin,  was  passed  over  the  ridge, 
BtreCcbed  tight  and  fastcnctl  to  the  other  eave  purlin.  The  edges  of  the  wire  were  woven  together 
by  means  of  nire  clips.  On  the  wire  netting  was  laid  two  layers  of  asbestos  paper  A  in.  thick, 
and  on  top  of  the  asbestos  was  laid  two  layers  of  tar  paper.  The  corrugated  steel  was  then  hud  on 
top  of  the  roof  in  the  usual  way  and  was  fastened  to  the  purlins  by  means  of  long  soft  iron  wire 
nails  spaced  as  shown  in  Fig.  44.  To  prevent  the  lining  from  sagging  stove  bolts  A  in-  i"  diam- 
eter with  I  in.  X  i  in.  X  4  in.  flat  .washers  on  the  lower  side  were  placed  between  the  purlins. 
The  author  would  recommend  that  the  purlins  be  spaced  not  to  exceed  3  ft.  6  in.  and  the  stove 
bolts  omitted. 


J, .-19^ — -w 
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W  Steel  Frame  Building  with  Plaster  Walls. — The  steel  frame  building  shown  in  Fig.  45  was 

V    covered  with  expanded  metal  and  plaster  walls  and  rouf  constructed  as  follows:    The  side  walls 

were  made  by  fastening  {  in.  channels  at  13  in.  centers  to  the  steel  framework  and  then  covering 

Ithia  framework  with  expanded  metal  wired  on.  The  expanded  metal  was  then  covered  on  the 
ontade  with  a  coating  of  cement  mortar  composed  of  one  part  Portland  cement  and  two  parts 
Mfid.  and  on  the  inside  with  a  g)  p«um  planter,  making  the  walls  alwut  2  in.  thick.  The  roof  con- 
mats  of  a  3)  in.  concrete  slab  reinforced  with  expanded  metal,  this  slab  being  covered  with  10  in.  X 
13  in.  slate  nailed  directly  to  the  concrete. 

Steam  Engineeriag  Building. — Details  of  a  transverse  bent  of  the  steam  engineering  building 
at  the  Brooklyn  Nav>'  Yanl  are  given  in  F'ig.  46. 

The  main  columns  are  spaced  48  ft.  centers  while  the  main  trusses  are  spaced  16  ft.  centers. 
The  intermefliatc  trusses  are  carried  on  heavy  Iniascs  rigidly  fastened  to  the  main  columns.  The 
cr<inc  girtlcrs  are  carried  on  crane  columns  that  are  fastened  to  the  main  columns  by  light  Ucing. 
This  method  of  supporting  heavy  crane  girders  is  the  most  satisfactory  method  yet  proposed. 
The  building  is  well  lighted  with  glass  in  the  side  walls,  and  sky  lights  in  the  roof.  More  than  60 
per  cent  of  the  area  of  the  external  walls  and  roof  is  giaxcd.  Many  other  interesting  details  can 
fas  obtained  from  the  drawings. 
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STEEL  WINDOWS  AND   DOORS. 
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Fig.  47.    Type^  of  Steel  Window!*. 
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STEEL  WINDOWS. — Windows  with  steel  sash  and  steel  frames  are  now  used  in  fiFe^>roof 
buildings  and  are  g;enerally  used  in  all  industrial  buildings.  The  windcms  are  generally  glazed 
with  wire  glass  i  in.  thick.  Window  sash  may  be  fixed,  or  may  be  opened  by  swinging,  or  by  sliding 
horizontally  or  vertically. 
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/^ax/mum  area  for  a  single  sash;  100 
soft  fFno  ventilators  are  used  and 
71/ sg.  ft  ff  ventilators  occupy  twO' thirds 
of  sash  area,  flax  imam  area  for  one 
ventilator  is  18 sc^.  ft.  Haximc/m  height 
orr^idthof  ventilator  is  5  ft. 

Ventilators  do  not  increase  sash 
size  but  where  edge  ofventilator  comes 
at  edge  of  sash  the  wall  opening  should 
be  increased  to  allorv  for  clearar7C€. 


5ash  Without 
Ventilators. 


Fig.  48.    Standard  Details  for  Steel  Sash. 

In  Fig.  47,  (a)  to  Cg)  inclusive,  arc  windows  with  fixed  sash  wiih  ventilators  in  different  posi- 
tions; (h)  is  a  window  with  horizontal  sliding  sash;  (!)  is  a  window  with  a  sash  which  swings  out- 
ward; (j)  is  a  window  with  counterbalanced  sash;  (k)  is  a  window  with  a  fixed  sash  and  a  swinging 
ventilator;  (I)  is  a  window  with  a  swinginK  sash;  while  (m)  is  a  window  with  swinging  sash  with 
weather  strips  to  prevent  the  storm  from  beating  into  the  building. 

Steel  sash  are  made  by  many  different  fimis.  Wliile  the  main  dimensions  of  the  windows 
made  by  the  different  firms  arc  practically  standard,  each  firm  uses  different  rolled-steel  sections, 
different  details  and  different  operating  devices. 

Standard  dinirnsions  for  steel  sash  are  given  in  Fig.  48.  It  should  be  noted  that  more  steel 
is  used  with  sn»all  sizes  of  glass  than  with  large  sizes,  and  that  sash  with  small  sizes  of  glass  are 
therefore  stronger  than  sash  with  large  sizes.  The  maximum  sizes  of  sash  given  in  Fig.  48  arc  for 
glass  14  in.  by  20  in.  For  glass  10  in.  by  16  in.  the  mnxfmum  sizes  may  be  increased  15  per  cent; 
while  for  glass  r8  in.  by  24  in.  the  maximum  sizes  should  be  reduced  by  15  per  rent,  and  propor- 
tional for  intermediate  sizes  of  glass.  The  glass  are  fastcnetl  with  clips  an<l  are  glazed  with  special 
putty,  on  the  inside  of  the  sash. 
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STEEL  WINDO>\'S  AND  DOORS. 


I        Details  of  window  sash  as  taken  from  the  catalogs  of  the  "  P'onestra  "  windows,  made  by  the 
petroit  Steel  Products  Company,  Detroit,  Mich,;  the  "  Lupton  "  windows,  made  by  the  Daxid 
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Fig.  53.     Details  uf  Steel  Sash. 
<  (0  is  '* Lupton."  (k)  is  "  United  Stcvl  Sa&h,"  and  (h)  U  "Fenestra 


pton  Son  Company,  I'hiUdclphia,  and     United  Steel  Sash  "  made  by  the  Trussed  Concrete 

eel  Co.,  Youngscown,  Ohio,  an  shown  in  Fig.  49  to  Fig.  53.     ^liile  each  company  uses  different 

•ertions  the  details  arc  essentially  the  same  and  may  be  used  interchangeably  as  far  as  the 
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designing  engineer  is  concerned.     Details  of  counterbalanced  sash,  are  shown  in  (a)  to  (c)  and 

details  of  a  horizontal  sliding  sash  are  shown  in  (d)  and  (c),  Fig.  53.  The  details  of  the  emkIioqi 
used  by  the  different  firms  may  be  determined  by  observing  that  in  Fig.  53  (f)  is  "  Lupton  "  (gj 
is  **  United  Steel  Sash,"  and  (h)  is  "  Fenestra."     Details  of  construction,  and  details  of  operating 


(a)  \ierticai Section  (b)  y^tkaf  Section        (c)\krt.5ictJi)tt<ffhr>eH<0Shrm^a^ 
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Fig,  54.     Details  ok  "United  Steel  Sash"  Ventilators  and  Skylights. 


devices  and  hardware  can  be  obtained  from  the  various  catalogs.  Details  of  "  United  Steel  Sash ' 
monitor  ventilators  and  skylights  are  shown  in  Fig.  54.  Details  of  "Lupton  "  monitor  ventilaton 
and  skylights  are  shown  in  1-  ig.  55.  The  details  shown  in  Kig.  54  and  Fig.  55  are  very  complete 
For  address  of  other  comjwnics  manufacturing  steel  windows,  see  Sweet's  "Architectural  Catalog* 
published  by  Sweet's  Catalog  Service,  New  York, 

STEEL  DOORS.— Steel  doors  built  up  out  of  sijccial  steel  sections  arc  made  by  several  firms 
Details  of  "Lupton"  tubular  steel  doors  manufactured  by  David  Lupton  Sons  Company 
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iiladclphia,  Pa.,  are  shown  in  Fig.  56.  These  doors  arc  hinged  to  swing  one  way  or  slide  horizon- 
By.  The  lower  part  of  the  door  is  filled  wiiJj  No.  lagagestccl.  while  the  upper  part  is  commonly 
fell  with  wire  glass  set  in  steel  sash  and  sstLfl  frames.  "Lupton"  doors  have  the  frames  welded. 
Details  of  "Fenestra"  tubular  steel  doors  made  by  the  Detroit  Steel  Protfucta  Company, 
fetroit,  Mich.,  are  shown  in  Fig.  57.     The  doors  arc  hinged  to  swing  one  way,  or  slide  horizontally. 


Fig.  55,    Details  or  "Lcpton"  Steei.  Monitor  Ventilators  akd  Skyligbts. 

edol  tubular  sliding  doors  can  be  made  10  ft.  wide  and  35  ft.  high,  or  with  double  doors  for  an 
felling  20  ft.  wide  and  25  ft.  high.  "  Fenestra  "  doors  have  the  frames  riveted.  Steel  doors  are 
O  made  by  the  Trussed  Steel  Concrete  Company. 

Diagrammatic  sketches  of  several  types  of  doors  are  shown  in  Fig.  58.    These  sketches  repre* 
different  types  of  doors  shown  in  the  catalog  of  J.  Rdward  Ogden  Co.,  New  York,  N.  Y.     This 
pany  is  preparcwl  to  furnish  door  hardware  and  mechanical  parts  of  the  doors  shown,  or  will 
y  the  doors  complete.     The  following  data  have  been  taken  from  the  Ogden  catalog. 
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Fig.  56,     Details  of  "Llpton"  Tlbl'lar  Steel  Doors, 
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Fig.  57,     Details  of  "Fenestra"  Tubular  Steel  Doors. 
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iDlAGRAUMATIC  SKETCBES  OF  DoORS.      COMPILED  FROM  CaTALCX^  OF  J.  EdwA&D  OoDEM 
COMPASY. 
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Two-uelion  Doors.— Doors  may  be  made  of  wood  frame  »-ith  a  sheet-steel  covering,  or  i»-ith  a 
steel  frame  with  a  sheet-steel  coyermg;  the  upper  section  may  be  glared  with  f  in.  wire  glass  set  in 
metal  frames.  Details  of  doors  20  ft.  wide  and  22  ft.  high  are  shown  as  constructed  with  wood 
frames,  and  also  with  steel  framefi.  Counterweights  are  commonly  made  equal  to  one-half  the 
total  weight  of  the  door. 
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Fic,  59.     Data  for  "Bonanza"  Cement  Tile. 

SiHtU-Sfition  Doors. — Doors  ma^  he  made  with  wood  frames  or  with  steel  frames.     Detan» 
door  27  ft.  9  in.  wide  and  19  ft.  6  in  high  are  shown. 
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^tdHStiHon  Door. — This  door  is  especially  adapted  for  locations  where  there  is  little  ceiling 
Doors  may  be  made  with  uood  frames  or  with  steel  frames.     Details  of  doors  1 8  ft.  3  in. 
ride  and  22  (t.  2  in.  high  are  shown. 
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Fig.  60.    Data  fok  Keobral  Cement  Tils. 


Turn-Over  Door.—Th'is  door  Is  used  for  smal  openings.     There  is  no  operating  winrh,  the  door 
ing  operated  by  hand. 

Canopy  Door. — This  door  protei-ls  the  rnlrancc  whrn  oprn.     The  minimum  headroom  above 
[fhe  door  it  16  inches.     This  is  a  modification  of  the  single-section  door. 
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Fig.  6i.     Data  for  Federal  Ceme.nt  Tile  Ci'pper  part),  and  Data  for  Pyrouar  Gypsum 

Tile  (lower  part). 


SimnU-Leaf  Vertical-Sliding  Door. — These  dcx)rs  require  aHe<tuate  headroom.  Details  of  a 
door  8  ft.  wide  and  8  ft.  high  arc  shown.  These  doors  are  often  placed  in  pairs,  where  one  counter- 
weight and  one  winch  will  serve  for  both  doors. 

Doublt-Leaf  Vertical- Slidinf^  Doors. — The  two  sections  of  these  doors  are  equipped  with  sep- 
arate Rutdes  and  are  operated  separately.     Details  of  a  door  2o  ft.  wide  and  i8  ft.  high  arc  shown. 

Crane  Runway  Doors. — These  doors  may  swing  inward  or  outward.     The  doore  may  be 
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operated  by  ihe  crane  operator  or  from  the  floor.  Additional  doors  should  be  provided  for  the 
load,  and  for  the  cninc  cage  where  necessary.  Folding  and  sliding  doors  are  also  made  by  the 
Kinnt.>ar  Manufacturtn)^  Company,  Columljus,  Oliio. 

Rolling  Steel  Doors.— Rolling  steel  doors  are  made  by  several  firms.  The  J.  G.  Wilson 
Corporation,  New  York,  manufactures  roiling  steel  doors  that  may  be  operated  by  hand  with 
u-klths  of  3  ft.  to  6  ft.  and  heights  of  6  ft.  to  14  ft.;  widths  of  6  ft.  to  10  ft.  and  heights  of  13  ft. 
to  17  ft.;  widths  of  10  ft.  to  15  ft.,  and  heights  of  13  ft.  to  15  ft.  Doors  operated  by  gear  ha\-e 
heights  up  to  21  ft,  and  widths  up  to  20  ft.  The  Kinncar  Manufacturing  Co.,  Columbus,  OhiOi 
nwiufacturcs  rolling  steel  doors  with  \^idths  of  3  ft.  to  30  ft.,  and  heights  of  6  ft,  to  18  ft.  For 
additional  details  and  the  names  and  addresses  of  other  manufacturers  of  steel  doors,  sec  Sweet's 
Architectural  Catalog,  published  by  Sweet's  Citalog  Ser\'ice,  New  York,  N,  Y. 

CEMENT  ROOFING  TILE.— Cement  tile  are  made  of  Portland  cement  and  clean,  sharp 
Mnd  and  arc  reinforced  with  steel  rods. 

Data  for  "Bonanza"  cement  tile,  manufactured  by  the  American  Cement  Tile  Mfg.  Co., 
Pittsburgh,  Pa.,  are  given  in  Fig.  59.  The  exposed  surface  of  the  tile  is  Indian  red  in  color,  while 
the  underside  has  a  cement  finish.  The  least  desirable  sloiw  of  roof  is  a  pitch  of  one-hfth.  Data 
for  Federal  Cement  tile,  manufactured  by  the  Federal  Cement  Tile  Co.,  Chicago,  III.,  arc  given  in 
Fig.  60.  and  in  the  upper  part  of  Fig,  61.  Cement  roohng  tile  have  been  very  extensively  used  for 
industrial  plants.  The  cement  tile  have  the  following  advantages:  (a)  arc  5re  resisting;  (b) 
require  very  simple  roof  construction;  (c)  require  no  sheathing;  td.)  are  non-conductors,  (c)  may 
be  erected  rapidly;  (f)  the  first  cost  is  low  for  a  permanent  ty|x:  of  roof;  (g)  maintenance  is  low. 

Gjpsum  Roofing  Tile. — t^iypsum  roofing  tile  made  by  the  United  States  Gypsum 
Company,  Chicago,  are  sold  under  the  trade  name  of  I'yroliar  Gypsum  Roof  Tile.  The  tile 
ire  13  in.  wide  and  30  in.  long,  and  weigh  13  lb.  per  sq.  ft.  Data  taken  from  the  catalog  for  rafters 
and  purlins  for  PjTolKir  C»y|j6um  Roof  Tile  are  given  in  the  lower  part  of  Fig.  61,  Gypsum  roof 
tile  have  recently  been  used  on  buildings  for  the  Navy  DeiJartment  at  Norfolk,  Va.  The  follow- 
ing advantages  of  gypsum  roof  slabs  *Tre  given  by  L.  M.  Cox,  U.  S.  N.,  Engineering  News,  Jan. 
^5i  IQI?'  (a)  1-ight  weight;  (b)  rapid  construction;  (c)  roof  slab  is  non-conductor  and  non-con- 
densing; (d)  is  fire  resisting;  (e)  shows  few  cracks;  (f)  low  cost  of  maintenance.  Gypsum  roofing 
tile  are  made  by  K.'Vcral  firms,  and  are  also  made  at  the  building  bite. 

STRESSES  IN  MILL  BUILDING  COLUMNS  CARRYING  CRANE  LOADS.— The  stresses 
produced  in  columns  of  milt  buildings  by  crane  loads  eccentrically  applied  depend  upon  the  method 
used  in  bracing  the  structure  against  lateral  forces.  If  the  kncehraces  are  omitted  or  only  very 
email  knecbraces  are  used,  the  rulumns  are  practically  hinged  at  the  top  and  the  lateral  thrust  due 
to  the  eccentric  crane  loads  must  be  carried  to  the  ends  of  the  building  by  the  lateral  bracing  in  the 
planes  of  the  chords  of  the  trusses.     Proper  bracing  must  then  be  provided  in  the  end  l>ents. 

If  rigid  kncebraces  are  provided  the  columns  may  be  considered  as  hxe<1  at  tlie  top  and  a 
liansverse  bent  may  be  considered  as  carrying  its  toad  directly  to  the  foundations.  The  lateral 
knd  will  in  reality  l)e  distributed  between  the  direct  path  down  the  colunms  and  the  indirect  path 
along  the  lateral  bracing  in  the  planes  of  the  chords  to  the  end  tx'nts.  The  portion  carried  by  each 
route  will  depend  upon  the  relatii-c  rigidity  of  the  routes.  Since  the  transverse  bent  is  much  raore 
rigid  than  the  lateral  bracing,  all  of  the  load  may  be  considered  as  carried  by  the  transverse  bent. 

In  Fig.  62  three  cases  are  considered. 

Csse  L  Columns  Hinged  at  Base  and  Top. — This  case  is  statically  determinate.  The 
Utcral  thrust  is  taken  by  i  he  bracing  in  the  plane  of  the  chords  and  by  the  bracing  in  the  end  bents. 

Case  n.  Columns  Hinged  at  Base  and  Fixed  at  Top. — Columns  with  constant  cross-section. — 
The  formulas  for  rigid  fr;jmfs  were  used,  making  the  mlio  of  the  moment  of  inertia  of  the  truss  to 
the  moment  of  inertia  of  the  cohinin  equal  to  infinity.  The  formula  is  sufficiently  accurate  when 
this  ratio  tiecome.sas  small  as  four,  and  is  on  the  safe  side.  The  distance  h  is  measured  to  a  point 
one-half  way  between  the  foot  of  the  knee-brace  and  the  top  of  the  column. 

Case  nL  Columns  Hinged  at  the  Base  and  Fixed  at  Top.  Columiu  with  Tsrisble  cross- 
S«ClJon8. — In  this  case  Ihe  column  has  a  difTervnl  cross-section  above  and  below  the  attachment 
of  the  crane  girder.     The  formulas  for  rigid  frames  were  used,  making  the  ratio  of  the  moment  of 
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inertia  of  the  truss  to  the  moment  of  inertia  of  the  column  equal  to  infinity.  The  fonnula  is 
Buffidentiy  accurate  with  a  ratio  of  four  and  is  on  the  safe  side. 

Case  IV.    Columns  Fixed  at  Base  and  Fixed  at  Top. — Formulas  for  Case  II  and  Case  III 

may  be  used,  the  value  of  h  being  taken  as  the  distance  from  the  point  of  contrafiezure  to  a  point 
midway  between  the  foot  of  the  kneebrace  and  the  top  of  the  columq.  The  point  of  contFaflezuie 
may  be  calculated  by  formula  (4),  page  556. 

Stresses  in  Rigid  Frames. — Formulas  for  stresses  in  rigid  frames  with  pin-connected 
columns,  for  different  loadings  are  given  in  Fig.  63.  Formulas  for  the  general  case  are  given 
in  the  second  column,  while  formulas  for  special  cases  are  given  in  the  third  column.  The 
formulas  are  very  much  simplified  where  the  columns  and  the  top  g^er  have  the  same  moment 
of  inertia. 
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Fig.  62.    Stresses  in  Mill  Building  Columns  Carrying  Crane  Loads. 
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Fig.  63.     Stresses  in  Rigid  Frames. 
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Standard  Lag  Screws,  Hcx>k  Bolts  akd  Washers. 
American  Btunce  Company. 
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GENERAL    DESCRIPTION. 

1.  Height  of  Building. — The  height  of  the  building  shall  bt  the  distance  from  the  top  of  the 
masonry  to  the  under  side  of  the  bottom  chord  of  the  truss. 

2.  DimeasioDS  of  BuiidiDg. — The  width  and  length  of  the  building  shall  be  the  extreme  dis- 
tance out  to  out  of  framing  or  sheathing. 

3.  Length  of  Span. —  The  length  of  trusses  and  girders  in  calculating  stresses  shall  be  con- 
ndered  a«  the  distance  from  center  to  center  of  end  bearings  when  supported,  and  from  end  to 
end  when  fastened  between  colunms  by  connection  angles. 

4.  Pitch  of  Roof. — The  pitch  of  roof  for  corrugated  steel  shall  preferably  be  not  less  than 
\  (6  in.  in  12  in. J*  and  in  no  case  less  than  i.  For  a  pitch  less  than  k  some  other  covering  than 
corrugaterl  steel  shall  be  used. 

5.  SpKCing  of  Trusses. — Trusses  shall  be  spaced  so  that  simple  shapes  may  be  used  for 
purlins.  The  spacing  should  be  alxiut  16  ft.  for  spans  of,  say,  50  ft.  and  about  20  tu  32  It.  for 
spans  of,  say.  100  ft.  For  longer  spans  than  100  ft.  the  purlins  may  be  trussed  and  the  spacing 
may  be  increased. 

6.  Spacing  of  Purlins. — Purlins  shall  be  spaced  not  to  exceed  4  ft.  9  in.  where  corrugated 
steel  is  ustxi,  and  r^hall  be  placed  at  panel  points  of  the  trusses. 

7.  Form  of  Trusses. — The  trusses  shall  preferably  be  uf  the  Fink  type  with  panels  so  sub- 
divided that  panel  points  will  come  under  the  purlins.  If  it  is  not  practicable  lo  place  the  purlins 
at  panel  ptiints,  the  upix?r  chords  of  the  trusses  shall  Ijc  designed  to  take  both  the  tiexural  and 
direct  stresses.    Trusses  shall  preferably  be  riveted  trusses. 

Trusses  supported  on  masonr>'  walls  shall  have  one  end  supported  on  sliding  plates  for  sjpans 
up  to  70  ft.,  for  greater  lengths  of  span  rollers  or  a  rocker  shall  be  used.  No  rollers  with  a 
diameter  less  than  3  in.  shall  be  used. 

All  field  connections  of  the  steel  framework  shall  be  riveted  except  the  connections  for  purlins 
and  girts,  which  may  be  field  boltcil 

8.  Bracing. — Hracing  in  the  plane  of  the  tower  chords  shall  be  stilT;  bracing  in  the  planes  of 
the  top  chords,  the  sides  and  the  ends  may  be  made  adjustable. 

9.  Proposals. — Contractors  in  submitting  proposals  shall  funiish  complete  stress  sheets^ 
general  plans  of  the  proposed  structures  giving  sizes  of  material,  and  such  detail  plans  as  will 
clearly  snow  the  dimensions  of  the  parts,  mode.^  of  construction  and  sectional  areas. 

10.  Detail  Plana. — The  successful  contractor  shall  furnish  all  working  drawings  required  by 
the  engineer  free  of  cost.  Working  drawings  will,  as  far  as  |>ossible.  be  made  on  standard  size 
aheets  24  in.  X  3f>  in.  rnit  to  out,  22  in.  X  34  in.  inside  the  inner  Iwrder  lines. 

11.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  nrdcred  until  the  working 
drawings  are  approved  in  writing  by  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  <m  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

LOAI>S. 

II.  The  trusses  shall  be  designed  to  carry  the  following  loads: 
13.  DEAD  LOADS.     Weight  of  Trtisses.— The  weight  of  trusses  per  aq. 
projectioa,  up  to  150  ft.  span  shall  be  calculated  by  the  formula 


ft.  of  horizontal 


fsC'+FTs) 


where  W  ■»  weight  of  trusses  per  sq.  ft.  of  horizontal  projection; 

P  »  capacity  of  truss  in  pounds  (K;r  sq.  ft.  of  horizontal  projection; 

L  —  span  of  the  truss  in  feet; 

A  »  distance  between  trusses  in  feet. 

•  Reprinted  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
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Chap.L 


14.  Weight  of  CoTering.  Corrugated  SteeL— The  weight  of  corrugated  steel  shall  be  lalcta 
from  Table  I. 

When  two  corrugations  side  lap  and  six  in.  end  lap  are  used,  add  25  per  cent  to  the  above 
weights;  when  one  corrugation  side  lap  and  fi)ur  in.  end  lap  are  used,  add  15  per  c^nt  to  the  above 
weights  to  obtain  weight  of  corrugated  steel  laid.  I'or  paint  add  2  lb.  per  s(|uare.  The  weight 
of  covering  shall  he  reduced  to  weight  per  aq.  ft.  of  horizontal  projection  before  combining  with 
the  weight  of  trusses. 

15.  Slate. — Slate  laid  with  3  in.  lap  shall  be  taken  at  a  weight  of  '\  lb.  per  sq.  ft.  of  inclined 
roof  surface  for  A  in.  slate  6  in.  X  12  in.,  and  6J  lb.  per  sq.  ft.  of  inclined  roof  surface  for  A  "*• 
slate  12  in.  X  24  in.,  and  proportionately  for  other  sizes. 

16.  Tile. — Tcrra-cotta  tile  roofing  weighs  about  6  lb.  per  sq.  ft.  fur  tile  I  in.  thick;  the  actual 
weight  of  tile  and  other  rtxif  coverings  not  named  shall  \w.  used. 

17.  Sheathing  and  Purlins. — Sheathing  of  dr>'  pine  lumber  shall  be  assumed  to  weigh  3  lb. 
per  ft.  and  dry  oak  purlins  4  !b.  per  ft.  board  measure. 

18.  Miscellaneous  Loads. — The  exact  weight  of  sheathing,  purlins,  bracingi  ventilators, 
cranes,  etc.,  shall  be  calculdted, 

19.  SNOW  LOADS. — Snow  loads  shall  be  taken  from  the  diagram  in  Fig.  i. 

30.  WIND  LOADS. — The  normal  wind  pressure  on  trusses  shall  be  computed  by  Ducb- 
cmin'a  formula,  Fig.  3.  with  /*  =  30  lb.  per  sq.  ft.,  except  for  buildings  in  exposed  locations, 
where  P  =  40  lb.  per  sq.  ft.  shall  be  used. 

21.  The  sides  and  ends  of  buildings  shall  be  computed  for  a  normal  wind  load  of  20  lb.  per 
sq.  ft.  of  exposed  surface  for  buildings  30  ft.  and  less  to  the  caves;  30  lb.  per  sq.  ft.  of  exposed 
surface  for  buiUliags  60  ft.  to  the  eaves,  and  in  proportion  for  intermediate  licighta. 

23.  Mine  Buildings. — Mine,  smelter  and  other  buildings  exposed  to  the  action  of  corrosive 
gases  shall  ha\'e  their  dead  loads  increased  35  per  cent. 

33.  Concentrated  Loads. — Concentrated  loads  and  crane  girders  shall  be  considered  in 
determining  drad  loads. 

24.  Purlins. — Purlins  shall  be  designeri  to  carry  the  actual  weight  of  the  covering,  roofing 
and  purlins,  but  shall  always  be  designed  for  a  normal  load  of  not  k-ss  than  30  lb.  per  so.  ft. 

25.  Girts.^iirts  ahiiU  be  de-signed  for  a  normal  litad  of  not  less  than  25  lb.  per  sq.  ft. 

26.  Roof  Covering. — Rwjf  covering  shall  be  designed  for  a  normal  load  of  not  less  than  30 
lb*  per  sq.  ft. 

27.  Minimum  Loads. — ^No  roof  shall,  however,  be  designed  for  an  equivalent  load  of  leas 
than  30  lb.  per  sq.  ft.  of  horizontal  projection. 

28.  Loads  on  Foundations. — The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  sq.  ft. : 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

ilard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock B 

Hard  rock 30 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  sq.  ft. 

29.  Stresses  in  Masonry. — The  allowable  stresses  in  masonry  shall  not  exceed  the  following: 

Tons  per  Sq.  Ft.      U).  per  Sq.  In. 

Common  brick,  Portland  cement  mortar 13  168 

Hard  burned  brick,  Portland  cement  mortar 15  2IO 

Rubble  masonr>'.  Portland  cement  mortar. 10  140 

First  class  masonry,  crystalline  sandstone  or  limestone 25  35O 

First  clasA  masonry,  granite 30  430 

Portland  cement  concrete,  1-3-5 ^  *^ 

Portland  cement  concrete,  I-3-4 30  420 

30.  Pressures  on  Masonry. — The  pressure  of  column  bases,  beams,  etc.,  on  masonry  shall 
not  exceed  the  following  in  pounds  per  sq.  in. 

Brick  work  with  cement  mortar 250 

Rubble  masonr>'  with  cement  mortar 250 

Portland  cement  concrete,  1-2-4 500 

First  class  dimension  sandstone  or  limestone 400 

First  class  granite 500 
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31.  Loada  OD  Timber  Piles. — The  maximum  load  carriwl  by  a  pile  shall  not  exceed  40.000 
or  600  lb.  per  &q.  in.  of  its  average  crusa- sect  ion.     The  allowable  load  on  piles  driven  with  a 

drop  hammer  shall  be  determined  by  the  formula  P  =  —— —  .     Where  P  =  safe  load  on  pile 

in  tons;  W  ->  weight  of  hammer  in  tons;  h  =■  fre«  fall  of  hammer  in  ft.;  5  =  average  penetration 
for  the  last  six  blows  of  the  hammer  in  in.  Where  a  steam  hammor  is  used,  ^  is  to  be  used  in 
place  of  unity  in  the  denominator  of  the  right  hand  mcmbtr  of  the  formula. 

Pilcii  shall  have  a  f>enetration  of  not  Ic&s  than  10  fi.  in  hard  material,  such  as  gravel,  and  not 
leas  than  15  ft.  in  loam  or  soft  material. 

Pboportion  of  Parts. 


33.  Allowable  Stresses. — In  proportioning  the  different  parts  of  the  structure  the  maximum 

due  to  the  combinations  of  the  dead  and  wind  load;  dead  and  snow  load;  or  dead,  minimum 
snow  and  wind  load  are  to  be  provided  for.     Concentrated  loads  where  they  occur  must  be  pro- 
_    vidcd  for. 

■  33.  Tensile  Stress. — Allowable  Unit  Tensile  Stresses  for  Structural  Steel.     For  direct  dead* 
B  snow  and  wind  load^ 

■  Lb.  per  Sq.  In. 

fc^    Shapes,  main  members,  net  section 16,000 

^^^^  Bars 16,000 

^^^K  Bottom  Qangcs  uf  rolled  beams 1 6,000 

^^^"    Shapes,  laterals,  net  section 20,000 

^r         Iron  rods  for  laterals 20,000 

^■^^    Plate  girder  webs,  shear  i)n  net  section 10,000 

^^^B   Shapes  liable  to  sudden  loading  as  when  used  for  crane  girders 10,000 

^^^B    Expansion  rollers  per  lineal  inch 600  X  d 

^^^K  where  d  ^  diameter  of  roller  in  inches. 

Laterals  shall  be  designed  for  the  maximum  stresses  due  to  5,000  pounds  initial  tension  and 
the  maximum  strt'^s  due  to  wind. 

34.  Compressive   Stress. — Allowable   Unit   Compressive  Stress  for  Structural  Steel.     For 
direct  dead,  snow  and  wind  loads 

S  =  16,000  —  70  - 

where  S  *  allowable  unit  stress  in  lb.  per  sq.  in; 

/  "•  length  of  member  in  inches  c.  to  c.  of  end  connections; 
r  »  least  radius  of  gyration  of  the  memlx*r  in  inches. 

35.  Plate  Girders. — Top  flanges  of  plate  girders  sliall  have  the  same  gross  area  as  the  tension 
flanges. 

36.  Shear  in  webs  of  plate  girders  shall  not  exceed  10.000  lb.  per  sq.  in.  of  net  section. 

37.  Alternate   Stress.— Members  and   connections  subject   to  alternate  stresses  shall   be 
designed  to  take  each  kind  of  stress. 

38.  Combined  Stress.— Members  subject  to  combined  direct  and  bending  stresses  shall  be 
proportioned  according  to  the  following  formula: 


-1+ 


M 


•vi 


PP 


where  5  —  stress  in  lb.  per  sq.  in.  in  extreme  fiber; 

P  —  direct  load  in  lb.; 

A  »  area  of  member  in  sq.  in.; 

M  *  bending  moment  in  in-lb.; 

y,  m  distance  from  neutral  axis  to  extreme  fiber  in  inches; 

/  "  moment  of  inertia  of  member; 

/  ■■  length  memlKT.  or  distance  from  point  of  zero  moment  to  end  of  member  in  inches; 

R  =  motlulus  nf  elasticity  =  30.000,000.  lb.  per  sq.  in. 
When  combined  rlirert  and  flcxural  stress  due  to  wind  b  con^dered*  50  per  cent  may  be 
added  to  the  atxjve  alhiwuble  tensile  and  comprxrssivc  stresses. 

3Q  Stress  Due  to  Weight  of  Member. — WTiere  the  stress  due  to  the  weight  nf  the  member  or 
due  to  an  eccentrie  load  exree<!^  the  allowable  stress  for  direct  loads  by  more  than  10  per  crnl,  the 
•L<ction  shall  be  increased  until  the  total  stress  does  not  exceed  the  above  allowable  stress  for 
direct  loads  by  more  than  to  per  cent. 
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The  eccentric  stress  caused  by  connecting  angles  by  one  teg  when  used  as  ties  or  struts 
be  calculated,  or  only  one  leg  will  be  considered  effective. 

40.  Rivets.— Rivets  shall  be  so  spaced  that  the  shearing  stress  shall  not  exceed  xi,aoo 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  rii 
tiole  exceed  22.000  lb.  per  sq.  in. 

Rivets  in  lateral  connections  may  have  stresses  25  per  cent  in  excess  of  the  above. 

Field  rivets  shall  be  spaced  for  stresses  two-thirds  those  allowed  for  shop  rivets. 

Field  bolts,  when  allowed,  shall  be  spaced  for  stresses  two-thirds  those  allowed  for 
rivets. 

Rivets  and  field  bolts  must  not  be  used  in  direct  tension.  Where  it  is  necessary  that  con- 
nections take  tensiun  turned  bolts  shall  be  used. 

41.  Pins. — Pins  shall  be  proportioned  so  that  the  shearing  stress  shall  not  exceed  11,000  lb. 
per  sq.  in.;  nor  the  pressure  on  the  bearing  surface  (diameter  X  thickness  of  piece)  of  the  pin 
hole  exceed  22.000  lb.  per  so.  in.;  nor  the  extreme  fiber  stress  due  to  cross  bending  exceed  24,000 

lb.  per  sq.  in.  when  the  applied  forces  are  assumed  as  acting  at  the  center  of  the  members.        ^^m 

42.  PUte  Girders. — Plate  girders  shall  be  proportioned  by  the  moment  of  inertia  of  thdj^f 
net  section  or  on  the  assumption  that  |  of  the  gross  area  of  the  web  is  available  as  Hange  area,^^ 
and  the  shear  is  resisted  by  the  web.     The  dificance  between  centers  of  gravity  of  the  flange  areas 
shall  be  considered  as  the  effective  depth  of  the  girder. 

43.  Web  Stifteners. — The  web  of  plate  girders  shall  have  stiffcncrs  at  the  ends  and  inner 
edges  of  bearing  plates,  and  at  points  of  concentrated  loads,  and  also  at  intermediate  points  where 
the  thickness  of  the  web  is  less  than  1^  oi  the  unsupported  distance  between  flange  angles,  not 
farther  apart  than  the  depth  of  the  full  web  plate  with  a  maximum  limit  of  5  ft.  Stiffeners  shall 
be  designed  as  columns  for  a  length  equal  to  one-half  the  depth  of  the  girder.  Stiffcner  angles 
must  have  enough  rivetis  Lo  proix'rly  transmit  the  shear. 

44.  Comprciwion  flanges  of  plate  girders  shall  have  at  least  the  same  sectional  area  as  the 

tension  flanges,  and  shall  not  have  a  stress  per  sq.  in.  on  the  gross  area  greater  than  16,000  ~  'S©  r  • 

where  /  «  unsupported  distance,  and  b  *  width  of  flange,  both  in  inches.  Compression  Ranges 
of  plate  girders  shall  be  stayed  transversely  when  their  length  is  more  than  thirty  times  their 
width. 

45.  Rolled  Beams.  =— Rolled  beams  shall  be  proportiom^d  by  their  moment  of  inertia.  The 
depth  of  rolled  iK'aius  in  floors  shall  not  be  less  thiin  5V  of  the  span.  Where  rolled  beams  or 
channels  arc  used  as  roof  purlins  the  depths  shall  not  be  less  than  Vv  oi  the  span. 

46.  Timber. — The  allowable  stresses  in  timber  purlins  and  other  timber  shall  be  taken  fi 
the  following  table. 


Allowable  Working  Unit  St&esses  in  Timber,  in  Pou^n>s  per  Squaiie  Inch. 


CIml  of  Timber. 

Trana- 

vvne 

Loadinji, 

S. 

Ikar- 

ing. 

Coluraiu 
VndvT  10 

cten,  C. 

BeariDS 
AcroH 
Fiber. 

Shear. 

Modulus  of 
Ela«ticiCy, 

Parallel 
to  GreJji. 

Lonsiltu- 

dinal 
Shear  in 
Beanu. 

White  Oak    

i,2oq 
1,300 
1,000 
i.oco 

1,200 

1,300 
1,300 
1,000 

1,000 

1,200 

1,000 
1,000 

800 

800 

1,000 

450 
300 
200 
200 

3S0 

200 
180 
100 

i6a 

180 

110 
120 
70 
lOO 
110 

1,150.000 
1,610,000 
1,lj)  0,000 
1,480,000 

1,510,000 

Ijyng  Ixaf  Yellow  Pine. . . 
White  Pine  and  Spruce. . . 

Western  Hemlock 

DouglasA  Fir. 

Columns  may  be  used  with  a  length  not  exceeding  45  times  the  least  dimension.  The  unit 
stress  for  lengths  of  more  than  10  times  the  least  dimension  shall  be  reduced  by  the  following 
fomiuUi: 

lood 

I      when  C  »  unit  stress,  as  given  above  for  short  columns; 
1  p  B  allowable  unit  stress  in  lb.  per  sq.  in.; 

I  /  =  length  of  column  in  inches; 

^^K  d  =  least  side  of  column  in  inches. 
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Covering. 

47.  Corrugated  Steel. — Corrugated  steel  shall  generally  have  a)  in.  corrugations  when  used 
r  roof  and  sides  of  buildings,  and  i\  in.  corrugations  when  used  for  lining  buildings.  The 
Inimum  gage  of  corrugated  steel  shall  be  No.  32  for  roofs,  No.  24  for  sides,  and  No.  26  for  lining. 

The  gage  of  corrugated  steel  in  U.  S.  standard  gage  and  weight  per  sq.  ft.  shall  be  shown 
I  the  general  plan. 

48.  Spacing  Purlins  and  Girts. — The  span,  or  renter  to  center  distance  of  purlins,  shall  not 
BDeed  the  distance  given  in  Kig.  18  for  a  siife  load  of  30  lb.  i>er  sq.  ft.  Corrugated  steel  sheets 
tall  preferably  si>an  two  purlin  spaces.  Girts  shall  be  spaced  for  a  safe  load  of  25  lb.  per  sq.  ft. 
I  Fig.  18. 

49.  End  and  Side  Laps.^<^omjgated  steel  shall  be  laid  with  two  corrugations  side  lap  and 
I  inches  end  lap  when  used  for  roofing,  and  one  corrugation  side  lap  and  four  inches  end  lap 

■icn  used  for  sicling. 

50.  Fastening. — Corrugated  steel  shall  be  fastened  to  the  purlins  and  girts  by  means  of 
ih'anizcd  iron  straps  J  in.  wide  by  No.  18  gage,  spaced  8  to  12  in.  apart;  by  clinch  nails  spaced 
to  12  in.  apart;  or  by  nailing  dinxrtly  to  spiking  strips  with  8d  !»arbcd  nails,  spaced  8  in.  apart. 
Mking  «trips  shall  preferably  be  used  with  anti-condensation  lining.  Bolts,  nails  and  nvcts 
all  always  pass  through  the  top  of  corrugations.  Side  laps  shall  be  riveted  with  copper  or 
dvanized  iron  rivets  8  to  12  in.  apart  on  the  roof  and  i\  to  2  ft.  apart  on  the  sides, 

51.  Corrugated  Steel  Lining. — Corrugated  sleel  lining  on  the  sides  shall  be  laid  with  one 
RTUgation  side  lap  and  four  in.  end  lap.  Girts  for  corrugated  steel  lining  shall  be  spaced  for  a 
fc  load  of  25  lb.  per  sq.  ft.  as  given  in  Fig.  18. 

52.  Anti-condensation  Lining. — Anti-cundensation  roof  lining  shall  be  used  to  prevent 
ipping  in  engine  houses  anri  similar  buildings,  and  shall  Ik'  constructed  as  follows:  Galvanized 
ire  poultry  netting  is  fastened  to  one  cave  purlin  and  is  passed  over  the  ridge,  stretched  ti^hl 
id  fasten«l  to  the  other  eave  purlin.  The  edges  of  the  wire  are  woven  together  and  the  nettnig 
^fastened  to  the  spiking  strips,  where  used,  by  means  of  small  staples.  On  the  netting  are  laid 
io  layen  of  asbestos  paper  ^  in.  chick  and  two  layers  of  tar  paper.  The  corrugated  steel  is 
ien  fastened  to  the  purlins  in  the  u-^ual  way;  ^  in.  stove  bolts  with  1  in,  X  I  in.  plate  washers 
I  the  lower  side  arc  used  for  fastening  the  side  laps  together  and  for  supporting  the  lining;  or 
le  purlins  may  be  spaced  one-half  the  usual  distance  where  anti-condensation  lining  is  used  and 
ke  stove  bolts  omitted. 

53.  Plashing. — V^alleys  or  corners  around  stacks  shall  have  flashing  extending  at  least  13  in. 
love  where  water  will  stand,  and  shall  be  riveted  or  soldered,  if  necessary,  to  prevent  leakage. 

Flashing  shall  Ik;  provided  above  diMirs  and  windows. 

54.  Rid^e  Roll. — All  ridges  shall  have  a  ridge  roll  securely  fastened  to  the  corrugated  steel. 

55.  Comer  Finish. — All  corners  shall  be  covered  with  standard  corner  finish  securely  fastened 
the  colTu^iated  s-teel. 

56.  Cornice. — .At  the  gable  ends  the  corrugated  steel  on  the  rcmf  shall  be  securely  fastened  to  a 
'sh  angle  or  channel  connected  to  the  end  of  the  purlins,  or.  where  molded  cornices  are  used, 
a  piece  of  timtxrr  fastened  to  the  ends  of  the  purlins, 

57.  Goiters.— Cutters  and  conductors  shall  be  furnished  at  least  equal  to  the  requirements 
the  following  table: 


* 


« 


Sfiao  of  Roof. 

Up  to  50  ft. 
50  ft.  to  70  ft. 
70  ft.  to  100  ft. 


Gutter. 

6  in. 

7  in. 

8  in. 


Coaductor. 

4  in.  every  40  ft. 

5  in.  every  40  ft. 
5  in.  every  40  ft. 


ters  shall  have  a  slope  of  at  least  1  in.  In  15  ft.  Gutters  and  conductors  shall  be  made 
nized  steel  not  lighter  than  No.  24. 

J58.  Ventilators. — V'entiUtors  shall  l»e  provided  and  located  so  as  to  properly  ventilate  the 
ildmg.  They  shall  have  a  net  opening  for  each  100  so.  ft.  of  floor  space  as  follows:  not  less 
n  one-fourth  stj.  ft.  for  clean  machine  shops  and  similar  buildings;  not  less  than  one  sq.  ft. 
dirtv  machine  shops;  not  leM  than  four  sq.  ft.  for  mills;  and  not  less  than  six  sq,  ft.  for  forge 
tops,  foundries  and  smelters. 

59-  Shutters  and  Louvres. — Openings  in  ventilators  shall  be  provided  with  shutters,  sash, 
louvnpH,  or  may  be  left  npon  as  specified- 

Shutters  must  l>e  proWded  witn  a  satisfactory  device  for  opening  and  closing. 

Louvres  must  be  dcsigne<l  to  prevent  the  blowing  in  of  rain  and  snow,  and  must  be  made 

so  that  no  appreciable  sagging  will  occur.  Thev  shall  be  made  of  not  less  than  No.  20  gage 
vanixcd  steel  for  flat  louvres,  and  No.  24  gage  galvanized  steel  for  corrugated  louvres. 

60.  Cixcular  Ventilators. — C^ircular  ventilators,  when  used,  must  be  designed  ito  as  to  pre^'ent 

n  drafts.     Net  opening  only  shall  be  used  in  calculations. 
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6i.  Windows. — ^Windows  ahali  be  provided  in  the  exterior  walls  equal  to  not  less  than  lo 
cent  of  the  entire  exterior  surface  in  mill  buildings,  and  of  not  less  than  ^5  per  cent  in 
shops,  factories,  washeriea,  conccntralurs,  breakers  and  similar  buildings.  _ 

Window  glass  up  to  12  in.  X  14  in.  may  be  single  slrength,  over  12  in.  X  14  in.  the  glass 
shall  be  double  strength.  Window  glaM  shall  be  A  grade  except  in  smelters,  foundries,  forge 
shrips  and  simiUr  structures,  where  it  may  be  B  grade.  The  sash  and  framts  shall  be  constructwl 
of  white  pine.  Where  buildings  are  exposed  to  (ire  hazard  the  windows  shall  have  wire  glass  set 
in  metal  sash  and  frames. 

62.  Skylights. — At  least  half  of  the  lighting  shall  preferably  be  by  means  of  skylights,  or 
sash  in  the  sides  of  ventilators. 

Skylights  shall  be  glazed  with  wire  glass,  nr  wire  netting  shall  be  stretched  beneath  the 
skylights  to  prevent  the  broken  glass  from  falling  into  the  building.  Where  there  is  danger  of 
the  skylight  glass  being  broken  by  objects  falling  on  it,  a  wire  netting  guard  shall  be  provided 
on  the  outside. 

Skylight  glass  shall  be  carefully  set,  special  care  being  used  to  prevent  leakage.  Leakage 
and  condensation  on  the  inner  surface  of  the  glass  shall  be  carried  to  the  down-spouts,  or  outside 
the  building  by  condensation  giiltcrs. 

63.  Wmilowa  in  sides  of  buildings  shall  be  made  with  counterbalanced  sash,  and  in  venti- 
lators shall  be  m^ide  with  sliding  or  swing  sash.  All  swinging  windows  sliall  be  provided  with  a 
jvitisfactory  operating  device. 

64.  Doors. — Doors  are  to  be  furnished  as  specified  and  are  to  be  provided  with  hinges,  tracks, 
locks  and  bolts.  Single  doors  up  to  4  ft.  and  double  doors  up  to  8  ft.  sliall  preferably  be  swung 
on  hinges;  large  doors,  double  and  single,  shall  iw  arrange<l  to  .slide  on  overhead  tracks,  or  may  be 
counterbalanced  to  lift  up  lietween  vertical  guides. 

Steel  dtjors  shall  be  lirmly  braced  and  shall  be  covered  with  No.  24  corrugated  steel  with  1} 
in.  corrugations. 

The  frames  of  sandwich  doiirs  shall  be  made  of  two  layers  of  {  in.  matched  white  pine,  placed 
diagonally,  and  firmly  nailed  with  clinch  naila.     The  frame  shall  be  covered  on  each  side  with, 
layer  of  No.  26  corrugated  rteel  with  -ij  in.  corrugations.     Locks  and  all  other  necessary 
ware  shall  be  furnished  for  all  windows  and  do<:»r8. 

{Sections  65  to  77  covrr  specifications  Jot  tar  and  gravfl  roofing  and  concrete  and  wood 
which  have  already  been  given.) 

Details  of  Construction. 

78.  Details. — All  connections  and  details  shall  be  of  sufficient  strength  to  develop  the  full 
strength  of  the  mcmlnT. 

79.  Pitch  of  Rivets, — The  pitch  of  rivets  shall  not  exceed  5  in.,  or  sixteen  times  the  thickness 
of  the  thinnest  outside  plate  in  the  line  of  stress,  nor  forty  times  the  thickness  of  the  thinnest 
outside  plate  at  right  angles  to  the  line  of  stress.  The  pitch  shall  never  Ix*  less  than  three  diameters 
of  rivet.  At  the  ends  of  compression  members  the  pitch  shall  not  exceed  four  diameters  of  the 
rivet  for  a  length  equal  to  twice  the  width  of  the  member. 

80.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  shean>d 
edge  shall  be  i)  in.  for  I  in.  rivets,  1  J  in.  for  |  in.  rivets,  i\  in.  for  I  In.  rivets,  and  I  in.  for  )  in. 
rivets,  and  to  a  rolled  edge  ij.  iL  1  and  «  in.,  respectively.  The  maximum  distance  from  the 
edge  shall  be  eight  (8)  times  the  thickness  of  the  plate. 

81.  Maximum  Diameter. — The  diameter  of  the  rivets  in  angles  carrying  calculated  stresses 
shall  not  exce^^l  }  of  the  width  of  the  leg  in  which  they  are  driven,  except  that  I  in.  rivets  may 
be  used  in  2  in.  angles. 

82.  Diameter  of  Punch  and  Die, — ^The  diameter  of  the  punch  and  die  shall  be  as  specified 

»"  S  147-  .         .  ,  .  . 

83.  Net  Sections. — The  elTectivc  diameter  of  a  driven  rivet  will  be  assitmcvl  the  same  as 
its  diameter  Ix'fore  driving.     In  deducting  the  rivet  holes  lo  obtain  net  sections  in  tension  membera,^B| 
the  diameter  of  the  rivet  holes  will  be  assumed  as  {  inch  larger  than  the  undriven  rivet.  wjt 

84.  Minimum  Sections. — No  metal  of  less  thickness  than   J  in.  shall  be  used  except  for^l 
Gitcrs:  and  no  angles  less  than  2"  X  2"  X  \".     The  minimum  thickness  of  metal  in  head  frames. 
rock  houses  and  coal  tipples,  c*.»al  washers  and  coal  breakers  shall  be  A  in.,  except  for  fillers. 
No  upset  rod  shall  Ix:  less  than  |  in.  in  diameter.     Sag  roiJs  may  be  as  small  as  |  in.  diameter.' 

85.  Connections. — All  connections  shall  be  of  sufhctent  strength  to  develop  the  full  strength 

of  the  member.     No  connections  except  for  lacing  l>ars  shall  have  less  than  two  rivets.     All  fiel^^| 
connections  except  lacing  bars  shall  have  not  less  than  three  rivets.  ^^M 

86.  Flange  Plates. — The  flange  pLites  of  all  girders  shall  not  extend  beyond  the  outer  line 
of  rivets  connecting  them  to  the  angles  more  than  6  in.  nor  more  than  eight  times  the  thickness 
of  the  thinnest  plate. 
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87.  Web  Stiffeners. — Web  stiffcncrs  shall  be  in  paire,  and  shall  have  a  close  fit  against  flange 
Ogles.     Thu  stitlcners  at  the  en<ls  of  plate  girders  &hall  have  filler  plates.     Intermediate  stiffcncrs 

may  have  fillers  or  be  crimped  over  the  flange  angles.     The  rivet  pitch  in  stiffcncrs  shall  not  be 
gfcater  than  5  in. 

88.  Web  Splices. — Web  plates  shall  be  spliced  at  all  points  by  a  plate  on  each  side  of  the 
web,  capable  uf  transmitting  the  shearing  and  N*nding  stresses  through  the  splice  rivets. 

89.  Net  Sections. — Net  sections  must  be  used  in  calculating  tension  members  and  in  deducting 
ibe  rivet  hijlr*  iht-y  shall  be  taken  |  in.  larger  than  the  nominal  size  of  rivet. 

90.  Pin  connected  rivetc*!  ten9i<m  members  shall  have  a  net  section  through  the  pin  hole 
25  per  cent  in  excess  of  the  required  net  section  of  the  meml>cr.  The  net  section  Iwrk  of  the 
pin  hole  in  line  of  the  center  of  the  pin  shall  be  at  least  0.75  of  the  net  section  through  the  pin 
hole. 

91 .  Upset  Rods. — All  rods  with  screw  ends,  except  sag  rods,  must  be  upset  at  the  ends  so  that 
ibc  diameter  H  the  base  of  the  threads  shall  be  ^  inch  larger  than  any  pan  of  the  Unly  of  the  bar. 

92.  Upper  Chords. — Upper  chords  of  trusses  shall  have  symmetrical  cross-sections,  and  shall 
preferably  consist  of  two  angles  back  to  back. 

93.  Compression  Members. — All  other  compression  mcmiiers  for  nx^  trusses,  except  sub- 
^Cruts,  shall  be  comp<Jsed  of  sections  symmetrically  placed.  Sub-strut,s  may  consist  of  a  single 
aecdoo. 

94.  Columns. — Side  posts  which  take  flexure  shall  preferably  be  comi:K>st'd  of  4  angles  laced, 
or  A  angles  and  a  plate.  Where  side  posts  do  not  take  flexure  and  carry  ht-avy  Uwids  they  shall 
preferably  be  composed  of  two  channels  laced,  or  of  two  channels  with  a  center  diaphragm. 

95-  Posts  in  end  framing  shall  preferably  be  composed  of  I-beams  or  4  angles  laced.  Comer 
columns  shall  preferably  be  composed  of  one  angle. 

96.  Crane  Posts. — The  cross-bending  stress  due  to  eccentric  loading  in  columns  carr>'ing 
cnncs  shall  be  calculated.  Crane  girders  carr>'ing  heavy  cranes  shall  be  carried  on  independent 
columns. 

97.  Bfttten  Plates. — Laced  compression  members  shall  \)c  stayed  at  the  ends  by  batten 
pUtc«,  placed  as  near  the  end  of  the  member  as  practicable  and  having  a  length  not  less  than  the 
createsc  width  of  the  mcmlKT.  The  thickness  of  batten  plates  shall  not  be  less  than  ^  of  the 
oiatancc  between  rivet  lines  at  right  angles  to  axis  of  member. 

96.  Lacing. — Single  lacing  bars  shall  have  a  thickne-is  of  not  less  than  ^,  and  double  bar» 
oonnerted  by  a  rivet  at  the  intersection  of  not  lesw  than  ^  of  the  distance  l>ctween  the  rivets 
ctmnecting  them  to  the  member;  they  shall  make  an  angle  not  less  than  45  degrees  with  the  axis 
of  the  member;  their  width  shall  be  in  accordance  with  the  following  standards,  generally; 


Stoe  of  Meiliber. 
For  15  in.  channels,  nr  built  sections  with  3)  and  4  in.  angles.. 
For  12.  loand  9  in.  channels,  or  built  sections  with  3  in.  angles.. 
For  8  and  7  in.  channels,  or  built  sections  with  2\  in.  angles. 


Width  of  Lodnc  Bars. 


li  inches  (J  in.  rivets). 

\\  ii 


21 

2I  inches  (}  in.  rivets). 

2  inches  (J  in.  rivets). 


I 


For  6  and  5  in.  channels,  or  built  sections  with  2  in.  angles i^  inches  (^  in.  rivets). 

Where  laced  members  arc  subiccted  to  bending,  the  size  of  lacing  bars  or  angles  shall  be  cal- 
culated, or  a  solid  web  nlate  shall  in.*  used. 

99.  Pin  Plates. — All  pin  holes  sliall  be  reinforced  by  additional  material  when  necessary,  so 
as  not  to  exceed  the  allowable  pressure  on  the  pins.  These  reinforcing  plates  must  contain  enough 
rivets  to  transfer  the  proportion  of  pressure  which  comes  u[>on  them,  and  at  least  one  plate  on 
each  wde  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  Imtten  plate. 

too.  Maximum  Length  of  Compression  Members. — No  compression  member  shall  ha\'c  a 
length  exceeding  125  times  its  least  radius  of  gyration  for  main  members,  nor  150  times  its  least 
radius  of  gyration  for  laterals  and  sub-members.  The  len^h  of  a  main  tension  member  in  which 
the  stress  is  reversed  by  wind  shall  not  exceed  150  times  Us  least  radius  of  gyration. 

roi.  Maximum  Lenffth  of  Tension  ^embers. — The  length  of  riveted  tension  members  in 

horiftmtal  or  inclined  position  shall  not  exceed  200  times  their  radius  of  g>Tation  exrept  for  wind 

bracing,  which  mem!:>ers  may  have  a  length  equal  to  250  times  the  least  radius  of  g>'ration.     The 

»ntal  projection  of  the  unsupported  portion  of  the  member  is  to  be  considered  the  effective 

102.  Splices.— In  compression  members  joints  with  abutting  faces  planefl  shall  be  placed  as 
near  the  p.inel  points  as  pf>ssible,  and  must  l)e  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
_    on  each  »idc  of  the  joint.     Joints  with  abutting  faces  not  planeil  must  be  fully  spliced. 
H  103.  Splices.— Joints  in  tension  members  shall  Ixr  fully  spliced. 

^Li,     '*H-  Tension   Members. — Tension   members   shall   preferably  be  componed   of  angles  or 
^■■toes  capable  of  taking  compression  as  well  as  tension.     Flats  riveted  at  ttie  ends  shall  not  be 
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105.  Main  tension  mcmlxra  shall  preferably  be  made  of  2  angles,  2  angles  and  a  plate,  or  3 
channels  laced.     Secondarj'  tension  members  may  be  made  of  a  single  shape. 

106.  Eye-Bars. — Heads  of  eye-bars  shall  be  so  proportioned  aa  to  develop  the  full  strength 
of  the  bar.     The  heads  shall  be  forged  and  not  welded. 

107.  Pins. — Pins  must  be  turned  true  to  size  and  straight,  and  must  be  driven  to  place  by 
means  of  pilot  nuts. 

The  diameter  of  pin  shall  not  be  less  than  J  of  the  depth  of  the  widest  bar  attached  to  it. 
The  several  mL*nibcrs  attached  to  a  pin  shall  be  packed  so  as  to  produce  the  least  bending 
moment  on  the  pin,  and  all  vacant  spaces  must  l>e  fi]]e<l  with  steel  or  cast  iron  ftllers. 

108.  Bars  or  Rods. — Long  laterals  may  be  made  of  bars  with  clevis  or  sleeve  nut  adjustment. 
Bent  loops  shall  not  be  usctl. 

109.  Spacing  Trusses. — Trusses  shall  preferably  bo  spaced  so  as  to  allow  the  use  of  single 
pieces  of  rolled  sections  for  purlins.     Trussefl  purlins  shall  be  avoided  if  possible. 

no.  Purlins  and  Girts. — Purlins  and  girts  shall  preferably  be  composed  of  single  sections — 
channels,  angles  or  Z-bars,  placet!  with  web  at  right  angles  to  the  trusses  and  posts  and  legs  turned 
down. 

Ill,  Fastening. — Purlins  and  girts  shall  be  attached  to  the  top  chord  of  trusses  and  to  columns 
by  means  of  angle  clips  with  two  rivets  in  each  leg. 

ir2.  Spacing. — Purlins  for  corrugated  steel  without  sheathing  shall  be  spaced  at  distances 
apart  not  to  exceed  the  span  as  given  for  a  safe  load  of  30  lb.,  and  girts  for  a  safe  load  of  25  lb. 
as  given  in  Fig.  i8. 

113.  Timber  Purlins. — Timber  purlins  and  girts  shall  be  attached  and  spaced  the  same  as 
steel  purlins. 

114.  Base  Plates. — Base  plates  shall  never  be  less  than  \  in.  in  thickness,  and  shall  be  of 
sufficient  thickness  and  size  so  that  the  pressure  on  the  masonry  shall  not  exceed  the  allowable 
pressures  in  $  30. 

115.  Anchors. — Columns  shall  Ik'  anchored  to  the  foundations  by  means  of  two  anchor 
l>otts  not  Il'ss  than  I  in.  in  diameter  upset,  placed  as  wide  apart  as  practicable  in  ihe  plane  of  the 
wind.  The  anchorage  shall  be  calculated  to  resist  one  and  one-half  times  the  l>i;nding  moment 
at  the  base  of  the  columns. 

116.  Lateral  Bracing. — Lateral  bracing  shall  be  provided  in  the  plane  of  the  top  and  bottom 
chords,  sides  and  ends;  knee  braces  hi  the  transverse  bents;  and  sway  bracing  wherever  necessary. 
Lateral  bracing  shall  be  dcsignc*  for  an  initial  stress  of  5,000  lb.  in  each  member,  and  provision 
must  be  made  fnr  putting  this  initial  stress  into  the  members  in  erecting. 

117.  Temperature. — Var^utions  in  temperature  to  the  extent  of  150  degrees  F.  shall  be 
provided  for. 

MATERIAL  AND  WORKMANSHIP. 

Material. 

118.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  procefia. 

119.  Schedule  of  Requirements. 


CbcmiciU  and  Physical 
Piopertlea. 

Smictiual  Steel. 

Rivet  SceeL 

Sted  CastiiiKB. 

Phosphorus  Max.  {Add""**' 
Sulphur  maximum 

0.04  per  cent 
0.08    "      " 
0.05    "      " 

0.04  per  cent 

O-04 

0.04   "      " 

0.05  per  cent 
0.08    "       " 
0.05    "      " 

L^timate  tensile  strength 
Pounds  per  square  inch 

Elongation:  rain.  %  in  8"  ■? 

Elongation:  min.  %  in  2". . . 

Character  of  fracture. 

Cold  bends  without  fracture. 

Desired 
60,000 
1.500.000* 

Desired 

50,0EJ0 
i,;oo,ooo 

Not  less  than 
65.000 

t8 

Silky  or  fine  granular 

90»,  d  =  p 

Ult.  tensile  strength 

32 

Silky 
iSo"  ffatt 

Ult,  tensile  strength 

Silky 
180"  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 


•  See  paragraph  128. 
t  See  paragraphs  129.  130  and  131. 
See  paragraph  132, 
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J20.  Allowable  Variations. — If  the  ultimate  strcngfth  varies  md^c  than  4,000  lb.  from  that 
desirvd,  a  a.-test  shall  be  made  on  the  same  gage,  which,  to  be  acceptable,  shaU  be  within  5,000 
lb.  of  the  desired  ultimate. 

121.  Chemical  Analyses, — Chemical  determinations  of  the  percentages  of  carbon,  phoa- 
phoruft,  sulphur  and  manganese  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at 
the  time  of  the  pouring  of  each  melt  of  steel  and  a  corrrct  copy  of  such  analysis  shall  be  furnished 
to  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  5nished  matenal.  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
allowed. 

122.  Fonn  of  Specimens.  Plates,  Shapes  and  Bars. — Specimens  for  tensile  and  bending 
te«ts  for  plates  shapes  and  bars  shall  bo  made  by  cutting  coupons  from  the  finished  product, 
which  shall  have  bpth  faces  rolled  and  both  edges  milled  to  the  form  shown  by  Kig.  l;  or  with 
both  edges  parallel;  or  they  may  be  turned  to  a  diameter  of  i  in.  fur  a  length  of  at  least  9  in., 
with  enlarged  ends. 

123.  Rivets. — Rivet  rods  shall  be  tested  as  rolled. 

124.  Piss  and  Rollers. — Specimens  shall  Ixr  cut  from  the  finished  rolled  or  forged  bar,  in 
such  manner  that  the  center  of  the  specimen  shall  be  I  in.  from  the  surface  of  the  bar.  The 
specimen  for  tensile  test  shall  be  turned  to  the  fonn  shown  by  Kig.  3.  The  specimen  for  bending 
test  shall  be  l  in.  by  i  in.  in  section. 


Aboat3''    i^     Parallel  Swtlott 
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Fig.  I. 


At>W  a* 
...I 
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125.  Steel  Castings. — ^The  number  of  tests  will  depend  on  the  character  and  importance 
of  the  castings.  Spefrimens  shall  txr  cut  cold  from  coupons  molded  and  cast  on  some  portion  of: 
one  or  more  castings  from  each  melt  or  from  the  sink  heads,  if  the  heads  are  of  sufficient  size*' 
The  coupon  or  sink  head,  so  used,  shall  l>e  annealed  with  the  casting  before  it  ia  cut  off.  Test 
specimens  shall  be  of  the  form  prescril»cd  for  pins  and  rollers. 

126.  Annealed  Sp«cimens.^Matrrial  which  is  to  be  used  without  annealing  or  further 
treatment  shall  l>o  tcstetl  in  the  condition  in  which  it  comes  from  the  rolls.  When  material  is  to 
lie  annealini  or  otherwise  treated  Ix-fore  use,  the  specimens  for  tenwlc  tests  representing  such 
material  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  bflr. 

127.  Number  of  Tests. — At  least  one  tensile  and  one  bending  teat  shall  he  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  |  in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

12H.  Modifications  in  Elongation. — For  material  less  than  ^  in.  and  more  than  1  in.  in 
tbicknrsH  the  following  modiBcations  wilt  be  allowe<l  in  the  requirements  for  elongation: 

(a)  For  each  -^  in.  in  thickness  below  ^  in.,  a  deduction  of  2J  per  cent  will  Ijc  allowed  from 
the  specified  elongation. 

(ft)  For  each  |  in.  in  thickness  above  |  in.,  a  deduction  of  I  per  cent  will  be  allowed  from 
the  M^ecificd  elongation. 

{c)  For  pins  and  rollers  over  3  in.  in  diameter  the  elongation  in  8  in.  may  be  5  per  cent  Icaa 
than  that  dpcrifie*!  in  paragraph  119. 

129-  Bending  Tests. — Bending  testa  may  l»c  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  1  in.  'hick  shall  bend  as  called  for  in  paragraph  1 19. 
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130.  Thick  Material. — PuII-sizcd  material  for  cyc-bars  and  other  steel  I  in.  thick  and  over, 
tested  as  rolled,  shall  l>ond  cold  180  degrees  around  a  pin  the  diameter  of  which  is  equal  to  twice 
the  thickness  of  the  Ixir,  without  fracture  on  the  outside  of  bend. 

131.  Beading  Angles. — Angles  I  in.  and  less  in  thickness  shall  opea  Hat  and  angles  i  in.  and 
leaa  in  thickness  shall  bcnfl  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.     Tl 
test  will  be  made  only  when  required  by  the  ins|x"ctor. 

132.  Nicked  Bends. — I^vct  stc^^l,  when  nicked  and  bent  around  a  bar  of  the  same  diamet 
as  the  rivet  rod,  shall  ^ivc  a  graduiil  break  and  a  fine,  silky,  uniform  fracture. 

133.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  Haws,  cracks,  defective 
edges,  or  other  tk-fects,  and  have  a  snuxjth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width 
and  under  shall  have  rolled  efiges. 

134    Stamping. — Kver>'  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it.     Steel  for  pins  and  rollers  shall  he  stamped  on  the 
end.     Rivet  and  lattice  steel  and  otlier  small  parts  may  be  bundled  with  the  above  marks  on  ataJ 
attache<l  metal  tag.  ^^1 

135.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  sp^)ls.  britllcncss,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shojj  and  shall  be  replaced  by  the  manufacturer 
at  his  own  cost. 

136.  Allowable  Variation  in  Weight. — A  variation  in  cross-section  or  weight  of  each  piece  of 
steel  of  more  than  2J  per  cent  from  that  specified  will  be  sufhcient  cause  for  rejection,  except  in 
case  of  sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to 
apply  to  single  plates. 

137.  When  Ordered  to  Weight. — Plates  I2i  !b.  per  square  foot  or  heavier: 
(a)  Up  to  too  in.  wide,  2^  per  cent  below  or  above  the  prescribed  weight. 

Plates  \  Inch  and  OvF,n  is  TmcKSEss. 


are  to 

4 


Thickuesa 
Ordered,  in. 

Namiaal 
Weight,  lb. 

Width  of  Plalc. 

Up  to  T5  iiu 

75  in.  And  up  to 
100  ia. 

100  in.  and  up  to 
115  in. 

Over  Its  in. 

1-4 
S-.6 

7-16 

1-2 

9-16 

5-8 
Over  s-8 

10.20 
12,75 
15.30 
17-85 
20.40 

22.95 
35.50 

10    per  cent 
8     "      " 

7     "      " 
6     "      " 

s. ::  :: 

14    per  cent 
12     "      " 
to     "      " 
8     "      •• 

7     "      " 
6J    "      " 

6     "      " 

5      "       '* 

18    percent 
16     "      " 

10     "      " 

9     "      " 
8i    "      " 
8      "      " 

17  percent 
13    *'      " 
12   "      " 
II    "      « 
10   "      " 
0    "      " 

Plates  Under  i  Inch  m  Thickness. 

Thick  ncM 
Ordeml.  in. 

Ncminal  Wdnhts 
lb.  per  iq.  ft. 

Width  of  Plau. 

Up  to  50  in. 

JO  tn.  and  up  to 
70  in. 

Over  70  in. 

1-8    up  to  5-32 

5-32   **    "  3-16 
3-16   "    "   14 

5.10  to    6.37 

6-37  "     7-65 
7.r.5  "  10.20 

10    per  cent 

7'    "      " 

1 5    per  cent 
I2i  ^       " 

10     "      " 

20  per  cent 

17    "      " 
1^    "      •' 

(b)  One  hundred  in.  wide  and  over,  5  per  cent  above  or  !)c!ow. 

138.  Plates  under  12^  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2\  per  cent  above  or  below. 

(6)  Seventy-five  in.  and  up  to  100  in.  wide,  5  per  rent  above  or  3  per  cent  below. 

ic)  One  hundred  in.  wirle  and  over,  10  per  cent  above  or  3  per  cent  below. 

139.  When  Ordered  to  Gage. — Plates  will  be  accepted  if  they  measure  not  more  than  .01 
in.  below  the  ordered  thickness. 

140.  An  excess  O'ver  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order, 
will  be  allowed  for  each  plate,  if  not  more  than  that  shown  in  the  preceding  tables,  one  cubic  inch 
of  rolled  steel  being  assumed  to  weigh  0^833  lb. 
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Special  Metals. 

141.  CASt-Iron. — Except  where  chilled  iron  ia  anerifietl,  castings  shall  be  marlc  of  tough  gray 
iron,  with  sulphur  not  over  o.io  per  cent.  They  shall  Ih.-  true  to  pauern,  out  of  wind  and  free 
from  Haws  and  excessive  shrinkage.  If  tests  are  deniamled  tliuy  shall  bu  made  un  the  "  .\rbitra- 
tion  Bar  "  of  tlic  American  Society  for  Testing  Materials,  which  is  a  mund  bar,  t  J  in.  in  diameter 
and  15  in.  long.  The  transverse  test  shall  be  on  a  supported  Length  of  12  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  2,900  lb.,  with  a  dellcction  of  at  least  tV  in.  b^ore 
nipture. 

142.  Wrought-Iron  Bars. — VVrought-iron  shall  l>e  double- rolled,  tough,  fibrous  and  uniform 
in  character.  It  shall  Ix;  thoroughly  welded  in  rolling  and  be  free  from  surface  defcvls.  When 
tested  in  specimens  of  the  form  of  Pig,  i,  or  in  full-sized  pieces  of  the  same  length,  it  shall  show 
an  ultimate  strength  of  at  least  50,000  lb.  per  k<].  in.,  an  elongation  of  at  least  )H  per  cent  in  8  in., 
with  fracture  wholly  fibrous.  Specimens  shall  bend  cold,  with  the  fiber  through  135**,  without 
sign  of  fracture,  around  a  pin  the  diameter  of  which  is  not  over  twice  the  thickness  of  the  piece 
tested.     When  aicked  and  bent  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

WORKUANSKIP. 
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143.  Generml. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.  The  workmanship  and  finish  shall  be  equal  to  the  be3t  practice  in  modern  bridge 
works. 

[44.  Stnighteoin^  Material. — Material  shall  Ix''  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  mjure  it,  before  being  laid  off  or  worked  in  any  way. 

145.  Unisb. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
to  view  neatly  finishe<l. 

146.  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean  the 
actual  size  of  the  cold  rivet  before  heating. 

147.  Rivet  Holes. — When  general  reaming  is  not  required,  the  diameter  of  the  punch  for 
material  not  over  { in.  thick  shall  be  not  more  than  tV  ^"'p  nor  that  of  the  die  more  than  \  in.  larger 
tfaow  the  diameter  of  the  rivet.  The  diameter  of  the  die  shall  not  exceed  that  of  the  punch  by 
nore  than  }  the  thicknew  of  the  metal  punched. 

148-  Planing  and  Reaming. — In  medium  steel  over  J  of  an  in.  thick,  all  sheared  edges  shall 
be  planed  and  all  lioU-s  ^^hall  in:  drilled  or  reamed  to  a  diameter  of  |  of  an  in.  larger  than  the  punched 
botes,  so  as  to  remove  all  the  sheared  surface  of  the  metal.  Steel  which  docs  not  satisfy  the 
drifting  test  must  have  holes  drilled. 

149.  Punching. — Punching  shall  be  accurately  done.  Slight  inaccuracy  in  the  matching  of 
botes  may  be  corrected  with  reamers.  Drifting  to  enlarge  unfair  holes  will  not  be  allowed.  Poor 
matching  of  holes  will  be  cause  for  rejection  by  the  insp<'ctor. 

150.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts  lx*fore  riveting  is  commenced.     Contact  surfaces  to  be  painted  (see  }  182). 

151.  Lacing  Bars. — Lacing  b;irs  shall  have  neatly  roumled  ends,  unless  otherwise  called  for. 
15a.  Web  Stifleners. — Stiflencrs  shall  fit  neatlv  between  flanges  of  girders.     Where  tight 

fits  are  calle<i  for  the  ends  of  the  siiffencra  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 

15.^.  Splice  Plates  and  Fillers. — Web  splice  plates  and  fillers  under  stiffcners  shall  be  cut  to 
fit  within  ji  in.  of  (langc  anclcp. 

154.  Web  Plates.— Wi'b  plates  of  girders,  which  have  no  cover  plates,  shall  Ix;  flush  with 
the  backs  of  angles  or  be  not  more  than  J  in.  scant,  unless  otherwise  called  for.  When  web  plates 
arr  splirrd,  not  more  than  \  in.  clearance  iKtween  ends  of  plates  will  Iwr  allowed. 

I55-  Connection  Angles. — Connection  angles  for  girders  shall  be  flush  with  each  other  and 
correct  as  to  posiu-m  and  length  of  girder.  In  case  milting  is  required  after  riveting,  the  removal 
M  more  than  t\  in.  from  their  thickness  will  be  cause  for  rejection. 

156.  Riveting. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammeri*  shall  be  used  in  preference  to  hand  dnving. 

157.  Rivets  shall  l(x)k  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  enual  size. 
Thry  shall  be  central  on  shank  and  grip  the  assembled  piei-es  firmly.  Recupping  ancl  calking 
will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  tie  cut  out  and  replaced. 
In  cutting  out  rivets  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If  necessary 
they  shall  Ite  drillei!  out. 

158.  Turned  Bolts. — Wherever  bolts  arc  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  l)e  reamed  parallel  and  the  bolts  turned  to  a  driving  6t.  A  washer  not  less  than  \  in. 
thick  sliall  lie  usc<l  under  nut. 

159.  Members  to  be  Straight. — The  spveral  pieces  forming  one  built  member  shall  be  straight 
and  6t  closely  together,  and  finished  members  shall  \ye  free  from  twists,  lietuls  or  open  joints. 
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160.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  t&peciallv  where  open  to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

161.  Field  Connections. — All  holes  for  field  rivets  in  splices  in  tension  members  carrying 
live  loads  shall  be  accurately  drilled  to  an  iron  templet  or  reamed  while  the  connecting  parts  arc 
temporarily  put  together. 

163.  Eye-Bars, — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  tw-ists, 
folds  in  the  nock  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forg- 
ing. Welding  will  not  be  allowed.  The  form  of  heads  will  be  determined  by  the  dies  in  use  at 
the  works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  with  a  silkv  fracture,  when  tested  to  rupture.  The 
thickness  of  hen^l  and  neck  shall  not  var>'  more  than  ff  in.  from  the  thickness  of  the  bar. 

163.  Boring  Eye-Bars. — liefure  boring,  each  eye-bar  shall  be  properly  annealed  and  carefully 
straightened.  Pin  holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in  diam- 
eter than  the  pin  holes  can  be  passed  through  the  boles  at  both  ends  of  the  bars  at  the  same 
time. 

164.  Pin  Holes. — ^Pin  holes  shall  be  bored  true  to  gage,  smooth  and  .straight;  at  right  angles 
to  the  axis  of  the  menilK-r  and  parallel  to  each  other,  unless  otherwise  called  for.  Wherever  pos- 
sible, the  boring  shall  itc  done  after  the  member  is  riveted  up. 

165.  The  distance  center  to  center  of  pin  holes  shall  be  correct  within  ^  in--  snfl  the  diameter 
of  the  hole  not  more  than  tV  *"■  larger  than  that  of  the  pin,  for  pins  up  to  5  in.  diameter,  and  A  in. 
for  larger  pins. 

166.  Pins  and  Rollers,— Pins  and  rollers  shall  be  accurately  turned  to  gage  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

167.  Pilot  Nuts  and  Field  Rivets. — At  least  one  pilot  and  one  driving  nut  shall  be  furnished 
for  each  size  of  pin  for  each  structure;  and  field  rivets  15  per  cent  plus  10  rivets  in  excess  of 
the  number  of  each  size  actually  required. 

168.  Screw  Threads. — Screw  threads  shall  make  tight  fits  m  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  1  i|  in.,  when  they  shall  be  made  with  six  threa<Is  per  in, 

169.  Annealing. — Stcnil,  except  in  minor  details,  which  has  been  partially  heated  shall  be 
properly  annealed. 

170.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

171.  Welds. — Welds  in  steel  will  not  Ix*  allowed, 

17^.  Bed  Plates. — Expansion  bed  plates  shall  tx*  planed  true  and  smooth.  Cast  wall  plates 
shall  Ix'  planed  top  and  bottom.  The  cut  of  the  planing  tool  shall  correspond  with  the  direction 
of  expansion. 

173.  Shipping  Details. — Pins,  nuts,  bolts,  rivets,  and  other  small  details  shall  be  boxed  or 
crated. 

174.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

175.  Fini^ed  Weight. — Payment  for  p^umd  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  actual  total  weight  of  the  structure  as  computed  from  the  shop 
plans  will  be  allowed  for  excess  weight. 


Additional  Specifications  When  General  Reaming  and  Planing  are  Required. 

176.  Planing  Edges. — ^Sheared  e<Igefl  and  ends  shall  lie  planed  off  at  least  \  in. 

177.  Reaming. — Punched  holes  shall  Ix'  made  with  a  punch  iV  in.  smaller  in  diameter  than 
the  nominal  size  of  the  rivets  and  shall  be  reamed  to  a  Anihhcd  diameter  of  not  more  than  -^  in, 
lai^r  than  the  rivet. 

1 78.  Reaming  after  Assembling. — WTierever  practicable,  reaming  shall  be  done  after  the 
pieces  forming  one  built  memtKT  have  been  assembled  and  firmly  bolted  together.  If  necessary 
to  take  the  pieces  a^iart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

[79.  Removing  Burrs. — The  burrs  on  all  reamed  holes  shall  be  removed  by  a  tool  counter- 
sinking about  ^  in. 

Timber. 

180.  Timber. — The  timlwr  shall  be  strictly  first-class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  timWr;  sawe<l  true  and  out  of  wind,  full  size,  free  from  wind  shakes, 
large  or  loose  knots,  decayed  or  sapwood,  wormholea  or  other  defects  impairing  its  strength  or 
durability. 
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Bi.  Painting. — Atl  sterol  work  before  leaving  the  shop  shall  be  thoroughly  cleaned  from  all 
loose  scale  and  rust,  and  be  given  one  good  coating  ot  pure  boiled  liiuccd  oil  or  paint  as  specified, 
well  worktHi  into  all  joints  and  open  spaces. 

1B2.  In  rivL'ted  wurk.  the  surfaces  coming  in  contact  shall  each  be  painted  (with  patnt) 
before  bring  riveted  together, 

183.  Pieces  and  parts  which  arc  not  accessible  for  painting  after  erection  shall  have  two 
coats  of  paint. 

184.  The  paint  shall  be  a  good  Quality  of  red  lead  or  graphite  paint,  ground  with  pure  Unseed 
oil.  or  such  paint  as  may  be  specified  in  the  contract. 

185.  After  the  structure  is  erected  the  irun  work  shall  Ik  thoroughly  and  evenly  pointed 
with  two  additional  coats  of  natnt,  mixed  with  pun.*  linseecl  oil,  of  such  quality  and  color  as  may' 
be  selcctiHl.  Painting  shall  dp  done  only  when  the  surface  ui  the  metal  is  perfectly  dry.  No 
fxiinting  »h;tll  be  done  in  wet  or  freezing  weather  unless  special  precautions  are  taken.  Ihe  two 
fifhj  cfiats  of  [wint  shall  be  of  diflfcrent  colors. 

186.  Machine  finished  surfaces  shall  be  coated  with  white  lead  and  tallow  before  shipment 
or  before  being  put  out  into  the  open  air. 

Inspection  and  Testing  at  Mill  and  the  Shops. 

187.  The  manufarturcr  shall  furnish  atl  facilities  for  inspc-cting  and  testing  weight  and  the 
quality  of  workmanship  at  the  mill  or  shop  where  material  is  fabricated,  fie  shall  furnish  a 
suitable  testing  machine  for  testing  full-sized  members  if  reouired. 

188.  Hill  Orders. — The  engineer  shall  be  furnished  witn  complete  copies  of  mill  orders,  and 
no  materials  shall  be  ordered  nor  any  work  done  before  he  has  been  notified  as  to  where  the  ordere 
have  been  place<l  so  that  he  may  arrange  for  the  inspection. 

189.  Shop  PUns. — The  engineer  shall  l>c  furnished  with  approved  complete  shop  plans,  and 
must  be  notified  well  in  advance  of  the  start  of  the  work  in  the  shop  in  order  that  he  may  have  an 
inspector  on  hand  to  inspect  the  material  and  workmanship. 

190.  Shipping  InTOices. — Complete  copies  of  shipping  mvoices  shall  be  furnished  the  engineer 
with  each  shipment. 

191.  The  engineer's  inspector  shall  have  full  access,  at  all  times,  to  all  parti  of  the  mill  or 
ihop  whenp  material  under  his  inspection  is  being  fabricated. 

19a.  The  inspector  shall  stamp  each  piece  accepted  with  a  private  mark.  Any  piece  not  so 
marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through  an 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  the  speci- 
fications, this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  engineer. 

193.  Full  Size  Tests. — Full  size  tests  of  any  finished  member  shall  be  tested  at  the  manu- 
facturrr's  expense,  and  shiill  Iw?  jiaid  for  by  the  purchaser  at  the  contract  price  less  the  scrap  value, 
if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory  the  material  will  not  be  paid  for  and 
the  members  represented  by  the  tested  member  may  be  rejected. 

Erection. 

194.  Tools. — The  contractor  shall  furnish  at  his  own  expense  all  necessar\'  tools,  staging  and 
material  of  every  description  required  for  the  erection  of  tne  work,  and  shall  remox-c  the  same 
when  the  work  is  completed.  • 

All  field  conrtections  in  the  trusses  and  framework  shall  be  riveted.  Connections  of  purlins 
and  girts  may  be  bolted. 

195.  Risks. — The  contractor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused 
by  the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  penwns  until  the 
work  is  completed  and  accepted. 

196.  The  contractor  shall  comply  with  all  ordinances  or  regulations  appertaining  to  the 
work- 

197.  The  erection  shall  be  carried  forward  with  diligence  and  shall  be  completed  promptly. 
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REFERENCES. — For  data  on  windows  and  glazing;  paints  and  painting;  foundations,  and 
additional  data  and  examples  of  roof  trusses  and  steel  mill  buildings,  see  the  author's  "  The 
Design  of  Steel  Mill  Buildings.'*  This  book  also  contains  a  full  treatment  of  algebraic  and  graphic 
statics;  and  the  calculation  of  stresses  in  simple  framed  structures,  in  the  transverse  bent,  the 
two-hinged  arch,  etc.;  also  contains  24  problems  in  algebraic  and  graphic  statics  illustrating  the 
methods  of  calculating  the  stresses  in  roof  trusses  and  other  framed  structures. 
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Skeletoo  Constnictioa. — Skeleton  construction  U  a  building  where  all  external  and  internal 
loads  and  stresses  arc  transferre<i  from  the  top  of  the  building  to  the  foundations  by  a  skeleton  or 
framework  of  steel  or  reinforced  concrete.  In  steel  skeleton  construction  the  framework  con- 
aiats  of  columns,  floorbeams,  girders,  trusses,  and  diagonal  and  transverse  bracing.  The  steel 
tnuses  have  riveted  connections  and  all  connections  in  the  steel  framework  should  be  riveted. 

Fir©  Resisting  Construction. — To  protect  the  structural  steel  from  fire  the  framework  is 
covered  with  materials  that  are  slow  heat  conducting  or  "fireproof  material."  The  steel  frame- 
work  may  be  fireproofcd  with  reinforced  concrete,  brick,  tiles  of  burnt  clay,  or  terra  cotta.  The 
windows  on  exposed  sides  and  elevator  enclosures  arc  glazed  with  wire  glass  set  in  metal  frames  or 
ajT  protected  with  5re  shutters.  Doors  and  other  exposed  openings  are  protected  with  fire  doors 
or  shutters.  The  interior  finish,  doors,  etc.  should  be  of  metal  and  cver>'  precaution  should  be 
taken  to  prevent  the  spread  of  fire.  Reinforced  concrete  fireproofing  is  usually  made  of  the 
foIU>wing  thickness:  For  columns,  trusses,  girders  or  other  very  important  members  at  least  2 
inches  of  concrete  outside  of  the  metal  reinforcement;  for  ordinar>'  beams  or  long  span  floor  slabs 
or  arches,  \\  inches  of  concrete  outside  of  the  reinforcement,  and  for  short  span  floor  arches  and 
•labs,  partitions  and  walls  at  least  i  inch  outside  the  metal  reinforcement.  Fireproofing  of  brick, 
tile  or  terra  cotta  is  usually  made  with  a  thickness  of  not  less  than  4  inches  for  columns  and  the 
main  framework.  Metal  flanges  should  be  protected  with  not  less  than  2  inches  of  fireproofing 
at  any  point. 

TABLE  I. 

Weights  of  Building  Materials.  Etc. 
Pouyos  PER  Cubic  Foot, 


MateruL 

Bnck,  pressed  and  paving. 

"      common  building .  .  .  . 

'*      soft  building 

Granite ^ . . 

Marble 

Limestone. 

Sandstone 

Cinden 

Slag 

Granulated  furnace  slag. . . . 

Gravel 

Slate  

Sand,  clay  and  earth  (dry)  . . 

"     (moifi) 

Coal  aahcs 

Paving  atphaltum 

Piaster  of  Pari* *. 

Glass 

Water 

Snow,  freshly  fallen 

••      packed ,,,. 

»      wet 

Spruce  ,,.,.,..,.. 


WdsbL 


ISO 
120 
too 

170 
170 
160 
150 

60-180 

53 
izo 

<75 
100 

IZO 

45 
100 
1+0 
160 

62) 

5 

12 

50 
as 


MatcriaL 

Hemlock 

While  pine 

Douglas  fir * 

Yellow  pine ^.  ,-•>  -<r  «•-»•  — 

White  oak 

Mortar . 

Stone  concrete 

Gnder      " 

Common  brick  work 

Rubble  masonry,  sandstone 

"  "        limestone 

granite 

Ashlar  "         sandstone 

"  "         limestone 

"  "         granite 

Cast  iron 

Wrought  irori 

Steel 

Lead 

Copper,  rolled 

Brass. 

Plaster,  ceiling  lo  to  15  lb.  per  «q.  ft 


Wefght. 

25 
as 

30 
40 

50 

100 

150 

no 
100-120 
130-140 

140 

ISO 
140-150 

150 

165 

450 

480 

490 

7" 
490 

Saj 


60 


i 


70 
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For  details  and  data  on  fireproofing  and  fireproofing  materials,  see  Freitag's  "Fire  Prevention 
and  Fire  Protection,"  and  Kidder's  "Architects  and  Builders  Pocket  Book." 

LOADS. — ^The  loads  coming  on  office  buildings  may  be  grouped  under  the  following  headings: 
(i)  dead  loads;  (2)  live  loads;  (3)  wind  loads;  (4)  snow  loads;  (5)  miscellaneous  loads. 

Dead  Load. — ^The  "dead  load"  includes  the  weight  of  the  structure,  and  other  permanent 
fixtures  and  machines.  A  formula  for  the  weight  of  roof  trusses  is  given  in  Chapter  I.  The 
weights  of  materials  arc  given  in  Table  I.  The  actual  weights  of  all  dead  loads  should  be  calcu- 
lated. The  minimum  weight  of  a  fireproof  floor  should  be  taken  at  not  less  than  75  lb.  per  sq.  ft. 
of  floor  surface.  In  office  buildings  a  minimum  of  10  lb.  per  sq.  ft.  should  be  added  for  movable 
partitions. 

WEIGHT  OF  STEEL  IN  TALL  BUILDINGS.— The  weight  of  the  steel  framework  for  tall 
steel  buildings  varies  with  the  height,  the  column  spacing,  the  floor  loads  and  other  conditions. 
The  weights  of  steel  per  cubic  foot  for  several  tall  steel  buildings  are  given  in  Table  II.  In  calcu- 
lating the  weight  per  cubic  foot  only  the  part  of  the  building  above  the  curb  was  considered. 


TABLE  II. 
Weight  of  Steel  in  Tall  Buildixgs,  Pounds  per  Cubic  Foot. 


Building. 

Plan 
Sq.Ft. 

Hdffht. 

Weight  of 
Stnl.Lb. 
per  Cu.Ft. 

Reference. 

Stories. 

Ft. 

Park  Row  Building,  New  York. . 
Hotel  Aator  (addition),   New 
York 

15,000 

21,306 

9,018 

3,952 

13.231 

31,000 

42,686 

5,000 

55>ooo 

39»Sa> 

94,000 

7»Soo 

26 
9 

\l 

n 

ss 

"7 

12 

25 
10 
12 

307 

543 
220 

775 
580 

309 
176 

H5 

3.6 
2.6 

ii 

2.3 

3.6 
2.1 

2.8 
2.0 
30 
2.8 

Eng.  News,  Oct.  8,  1896 

Eng.  Record,  Oct.  14,  1911 

Eng.  Record,  Feb.  Ii,  1911 
Eng.  Record,  April  1,  191 1 
Eng.  Record,  May  27,  1911 
Eng.  Record,  May  27,  191 1 
.    Eng.  News,  July  27,  191 1 
Eng.  News,  July  35,  1912 

Eng.  Record,  May  11,  1912 
Eng.  Record,  Mar.  30,  19x2 
Eng.  Record,  July  9,  1910 
Designed  by  the  author 

Banker's  Trust  Building,  New 
York 

Underwood  Building,  New  York . 

Hotel  Rector,  New  York 

Woolworth  Building,  New  York. 
Municipal  Building,  New  York. . 
Poole  Bros,  Printing,  Chicago.. . 
Merchants  &  Mfgs.  Exchange, 
New  York 

Hotel  McAIoin,  New  York 

Curtis  Building,  Philadelphia .  .  . 
Office  Building,  Denver 

live  Ix)ads. — The  live  loads  on  floors  are  commonly  given  in  pounds  per  square  foot.  The 
minimum  live  loads  in  pounds  per  square  foot  as  required  by  the  buildings  laws  of  several  cities 
are  given  in  Table  III. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  in  his  "General  Specifications  for  Structural  Work  of 
Buildings**  gives  the  following  requirements  for  live  loads  on  floors. 

"Table  IV  gives  the  'live'  load  on  floors,  to  be  assumed  for  different  classes  of  buildings. 
These  loads  consist  of:  (a)  A  uniform  load  per  square  foot  of  floor  area;  (6)  A  concentrated 
load  which  shall  be  applied  to  any  point  of  the  floor;  (c)  A  uniform  load  per  linear  foot  for  girders. 
The  maximum  result  is  to  be  used  in  calculations.  The  specified  concentrated  loads  shall  also 
apply  to  the  floor  construction  between  the  beams  for  a  length  of  5  ft." 


LIVE  LOADS, 
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TABLE  III. 

FlooKS  AVD  Roofs. 
Mdoicum  Live  Loads,  Pounus  per 
Laws  of  Various 
American  Bridge  Company. 


S^UARfi  Foot. 


By  Buit< 


itiM. 


1 

1 
1 
1 

1 

Kind  of  BaUdifif. 

|i 

1^ 

h 

1= 

&  ■ 

li 

i 

11 

ApartmentJ 

50 
100 

IIS 

60 

70 

60 

50 

SO 
80 

100 
80 

100 

150 

40 
100 

IQO 

too 
too 

60 

ICO 

60 

ias 

75 

laS 

laS 

Public  Rooms*  and  HaUs 

A««rabiylUlli. 

Fixed  Scat  Auditoriumi 

90 

ISO 

75 

us 
75 

"as 
"5 

"lis 
ISO 
150 

ISO 

50 

Xfovabic  Sc2t  Auditoriums          .          .    . 

90 

Danct  Halls         

300 

aoo 
200 

Drill  Rooms 

Ridin?  Schools                        

Theaters                                   

S 

70 

21 

40 

100 

40 

60 

"?5 
60 

Dwellia^        •••■•••••■t>>* 

SO, 
too 

so 

Public  Rooms* .-'... 

HotcU 

First  FkxHS  .                                            

60 

70 

60 

70 

SO 

so 

60 

100 

60 

Corridors 

80 
to 

Office  Floors 

too 
100 
«*5 

Public  Rooms* 

Manufacturing. 

Li^ht  Factories 

110 
120 

110 

150 

"S 

"5 
"5 

100 

ISO 

"5 

Heavv  Storehouses                .^*m  ...o. .. ...  l> 

ISO 

150 

75 
ISO 

150 

130 

ISO 
too 

350 
«as 

75 
150 

200 

300 
70 

200 
"5 

60 

»SO 
"5 

150 

Retail  Stores 

"5 

150 
too 
100 

100 

100 

so 

150 

150 
70 
150 

Warehouses »««••«•■•. - 

Offices 

First  Floor - . .  * 

Corridors ..>..>*..  ■. ••■■•.* 

100 

60 

80 

300 

80 

School*  (Class  Rooms) 

Sidcwallcs 

60 

"S 

75 

90 

joo 

75 

.... 

75 

70 
70 



40 

75 

100 

40 
too 

100 

ISO 

75 

MO 

100 

Subles — Carriage  Houscf , 

Area  less  than  500  sq.  ft. »..,..•««,... 

Stairway's  and  Landinss    .    ...-...■••.*•*.•--■ 

70 
70 
40 

80 
80 
40 

40 

30II 

Fire  blscapes 

Roofs— Flait               

50 

JO 

30 

30II 

40 

30 
30 

35 

as 

as 

40 

30 

30 

Horizonul  Projection  Sleep  Roofs 

Superficial  Surface 

Wino  Pressure      

30 

20 

JO 

30 

*  Area  (TTcatcr  than  500  square  feel. 

t  First  Floors  200. 

{  Slopes  less  than  30  degrees. 

I  Dead  and  live,  except  for  one  story  steel  fra 

II  High  Buildings,  built  up  district!,  35  pount 

pounds  less  each  stor>'  below. 
FifTurcf  for  manufacturini?  establishments  d 

itne  b 
Js;  14 

0  not 

aildini 
storie 

incluL, 

?9,  COf 
1  Of  0 

c  mac 

Tugated  iron  roofs,  35  pounds. 
ver,  IS  pounds  at  tenth  story,  a) 

'hincr>'. 
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TABLE  IV. 

Table  of  Live  Loads,  Schneider's  Specifications. 
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Claaseiof  BuOdin^. 


Live  Loadi  In  Ponndt. 


Dlftributed 
Load. 


Cooceutnted 
Load. 


Linear  Ft.  of 
Glider. 


Dwellings,  hotels,  apartment-houses,  dormitories,  hos- 
pitals  

Omce  buildings,  upper  stories 

Schoolrooms,  theater  galleries,  churches 

Ground  floors  of  offi<%  buildings,  corridors  and  stairs  in 
public  buildings 

Assembly  rooms,  main  floors  of  theaters,  ballrooms,  [ 
gymnasia,  or  any  room  likely  to  be  used  for  drilling  -s 
or  dancing t 

Ordinary  stores  and  light  manufacturing,  stables  and 
carriage-houses 

Sidewalks  in  front  of  buildings 

Warehouses  and  factories 

Charging  floors  for  foundries 

Power  houses,  for  uncovered  floors 


40 
60 

80 

Floor  100 

Columns  50 

80 

300 

from  120  up 

"     300  ** 


aoo 


} 


2  000 

5  000 
5  000 

5  000 

5  000 


8  000 
10  000 
Special 


500 
I  000 
I  000 

X  000 

I  000 


1  000 
1  000 

Special 


The  actual  weights  <rf 

engines,  boilers,  stacks, 

etc.,  shall  be  used,  but  in 

no  case  less  than  200  lb. 

.  per  sq.  ft. 


"  If  heavy  concentrations,  like  safes,  armatures,  or  special  machinery,  are  likely  to  occiir  on 
floors,  provision  should  be  made  for  them.  For  structures  carrying  traveling  machinery,  such 
as  cranes,  conveyors,  etc.,  25  per  cent  shall  be  added  to  the  stresses  resulting  from  such  live  load, 
to  provide  for  the  effects  of  impact  and  vibration.'* 

Mr.  Schneider's  method  for  live  loads  is  the  most  rational  method  yet  proposed.  In  the 
design  of  floor  slabs  when  using  this  method  the  author  has  used  an  equivalent  distributed  load 
equal  to  twice  the  distributed  loads  in  Table  IV,  and  has  omitted  the  concentrated  load  and  load 
per  lineal  foot  of  girders. 

The  floor  loads  on  warehouses  and  the  recommended  floor  loads  per  sq.  ft.  have  been  tabu- 
lated by  the  American  Bridge  Company  in  Tabic  V. 

Wind  Loads. — The  wind  loads  required  by  diflferent  cities  arc  given  in  Table  III. 

Schneider's  specifications  for  wind  load  arc  as  follows: 

"The  wind  pressure  shall  be  assumed  as  acting  in  any  direction  horizontally:  First. — ^At  ao 
ib.  per  sq.  ft.  on  the  sides  and  ends  of  buildings  and  on  the  actually  exposed  surface,  or  the  vertical 
projection  of  roofs;  Second. — At  30  lb.  per  sq.  ft.  on  the  total  exposed  surfaces  of  all  parts  com- 
posing the  metal  framework.  The  framework  shall  be  considered  an  independent  structure* 
without  walls,  partitions  or  floors." 

Additional  data  on  wind  loads  arc  given  in  Chapter  I. 

Snow  Loads. — ^Thc  snow  loads  on  roofs  arc  given  in  Fig.  i,  Chapter  I, 

Schneider's  specifications  require  "A  snow  load  of  25  lb.  per  sq.  ft.  of  horizontal  projection 
of  the  roof  for  all  slopes  up  to  20  degrees;  this  load  to  be  decreased  i  lb.  for  every  degree  of  increase 
of  slope  up  to  45  degrees,  above  which  no  snow  load  is  to  be  considered.  The  above  snow  loads 
arc  minimum  values  for  localities,  where  snow  is  likely  to  occur.  In  severe  climates  these  snow 
loads  should  be  increased  in  accordance  with  the  actual  conditions  existing  in  these  localities.*' 
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Chap.  II. 


Mitiimitm  Roof  Loads. — Schneider's  specifications  contain  the  following: 

"In  climates  corresponding  to  that  of  New  York,  ordinary  roofs,  up  to  8o  ft.  span,  shall  be 
proportioned  to  carry  the  minimum  loads  in  Table  VI,  per  square  foot  of  exposed  suiiace,  applied 
vertically,  to  provide  for  dead,  wind  and  snow  loads  combined: 

TABLE  VI. 
Minimum  Loads  on  Roofs. 

{On  boards,  flat  slope,  i  to  6,  or  less 50  lb. 

On  boards,  steep  slope,  more  than  i  to  6 45  " 

On  3-in.  flat  tile  or  cinder  concrete 60  " 

Corrugated  sheeting,  on  boards  or  purlins 40  " 

cu^-  f  On  boards  or  purlins 50  " 

:>iaie  |  q^  y^^  ^^  ^^^  ^^  cinder  concrete 65  *' 

Tile,  on  steel  purlins 55  " 

Glass 45  " 

"For  roofs  in  climates  where  no  snow  is  likely  to  occur,  reduce  the  foregoing  loads  by  10  lb, 
per  sq.  ft.,  but  no  roof  or  any  part  thereof  shall  be  designed  for  less  than  40  lb.  per  sq.  ft." 

LIVE  LOADS  ON  COLUMNS.— Schneider's  specifications  require  that: 

"For  columns,  the  specified  uniform  live  loads  per  square  foot.  Table  IV,  shall  be  used, 
with  a  minimum  of  20,000  lb.  per  column. 

"For  columns  carrying  more  than  five  floors,  these  live  loads  may  be  reduced  as  follows: 

"For  columns  supporting  the  roof  and  top  floor,  no  reduction; 

"For  columns  supporting  each  succeeding  floor,  a  reduction  of  5  per  cent  of  the  total  live 
load  may  be  made  until  50  per  cent  is  reached,  which  reduced  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors." 

The  Chicago  Building  Ordinance  (191 1)  requires  that  live  loads  on  walls,  columns  and  piers 
be  taken  as  follows: 

"(a)  The  full  live  load  (see  Table  III)  on  roofs  of  all  buildings  shall  be  taken  on  walls,  piers, 
and  columns. 

"(b)  The  walls,  piers  and  columns  of  all  buildings  shall  be  designed  to  carry  the  full  dead 
loads  and  not  less  than  the  proportion  of  the  live  load  given  in  Table  Vl  I. 

TABLE  Vn. 

Percentage  of  Live  Load  for  Columns. 

Chicago  Building  Ordinance  (191 1). 


Floor 


17  16  15  14  13   12  II   10 


8 


85  per  cent 

80  85 

75  80  8s 

70  75  80  8s 

65  70  75  80  85 

60  6$  70  7S  80 

55  60  65  70  75 

50  55  60  65  70 

50  so  55  60  65 

50  50  so  55 

SO  so  50  50 

SO  so  so  50 

SO  so  50  so  50  so 

SO  so  50  50  50  50 

50  so  50  SO  SO  50 

50  so  so  so  50  50 

50  50  so  50  50  50 


85 

80  8s 

75  80  8s 

70  75  80  85 


60  6$  70  75 
55  60  6s  70 
so  55  60  65 


80 
75 


85 
80 


55  60 

50  55 

50  50  55 

50  50  SO 

50  50  50 


70     75 
60 


70  75 

65  70 

60  65 

55  60 

50  55 


85 

80 

8-; 

75 

80 

8s 

70 

75 

80  8s 

65 

70 

75  80  85 

60 

65 

70  75  80  85 

"  (c)  The  proportion  of  the  live  load  on  walls,  piers,  and  columns  on  buildings  more  than 
seventeen  stories  in  height  shall  be  taken  in  same  ratio  as  the  above  table. 

"(d)  The  entire  dead  load  and  the  percentage  of  live  load  on  basement  columns,  piers  and 
walls  shall  be  taken  in  determining  the  stress  in  foundations." 
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LOADS  ON  FOUNDATIONS.— Schneider's  specifications  require  that: 

"The  live  loads  on  columns  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  areas  of  the  bases  o(  the  columns  shall  be  proportioned  for  the  dead  load  only.  That  founda- 
tion which  ivcL'ivcs  the  largcjit  ratio  of  live  to  dead  load  shall  be  selected  and  proportioned  for  the 
combined  dead  and  live  \oai\s.  The  dead  load  on  this  foundation  shdll  be  di>^ded  by  the  area 
thus  found  and  this  reduced  pressure  per  square  foot  shall  be  the  permissible  working  pressure  to 
be  used  (or  Che  dead  load  for  all  foundations." 

PRESSURE  ON  FOUNDATIONS.— The  following  allowable  pressures  may  be  used  in 
the  absence  of  definite  data.  No  important  structure  should  be  built  without  the  making  of 
careful  tests  of  the  bearing  power  of  the  soil  upon  which  it  is  to  rest. 

The  loads  on  foundations  should  not  exceed  the  following  in  tons  per  square  foot: 

Ordinary  clay  and  dry  sand  mixed  with  clay 3 

Dry  sand  and  dr>'  clay 3 

Hard  clay  and  firm,  coarse  safMl 4 

Firra,  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock ao 

For  all  soils  inferior  to  the  above,  such  as  loam,  etc.,  never  more  than  one  ton  per  square  foot. 
The  Chicago  Building  Ordinance  (1911)  requires  that: 

"(a)  If  the  soil  is  a  layer  of  pure  clay  at  least  fifteen  feet  thick,  without  admixture  of  any 
foreign  substance  other  than  gravel  it  shall  not  be  loaded  to  exceed  3,500  lb.  ixt  sq.  ft.  If  the 
soil  is  a  layer  of  pure  clay  at  least  fifteen  feet  thick  and  is  dry  and  thoroughly  compressed,  it  may  be 
loaded  not  to  exceed  4,500  lb.  per  sq.  ft. 

"(b)  If  the  soil  is  a  layer  of  firm  sand  fifteen  feet  or  more  in  thickness,  and  without  admixture 
of  clay,  loam  or  other  foreign  substance,  it  shall  not  be  loaded  to  exceed  5.000  lb.  per  sq.  ft. 

"(c)  If  the  soil  is  a  mixture  of  clay  and  sand,  it  shall  not  be  loaded  to  exceed  3,000  lb.  per 
sq.ft. 

"Foundations  shall  in  all  cases  extend  at  least  four  feet  below  the  surface  of  the  ground 
npon  which  they  arc  built,  unless  footings  rest  on  bed  rock." 

PRESSURE  ON  MASONRY.— The  allnwable  stresses  in  masonry  and  pressures  of  beams, 
girders,  column  bases,  etc.  on  masonry  as  given  in  Table  VUl  represent  good  practice. 


Allowable  Stresses  in 


TABLE  VIII. 
Masonry  and  Pressures  op  Bearing  Plates. 


lODd  of  Majonry. 

Safe  Stresecs  in 

MuBonry',  Lb.  per 

Sq.  Id. 

Safe  Prwsurcs  of  Wall*. 
Ptutu  ami  Columns  on 
MmBonr>',  Lb.  per  Sq.  In. 

Common  Brick.  Portland  Cement  Mortar .      

Hard  burned  brick,  Portland  Cement  Mortar. . . . 

Rubble  Maionry,  Portland  Cement  Mortar 

First  Class  Masonry.  Sandstone 

170 
210 
170 
280 
400 
300 
400 
400 
300 

250 
300 
250 

Soo 
600 
600 

400 

FirGt  Clau  Masonry.  Crystallized  Sandstoae 

Kirit  Oass  \Ias<.>nry,  Limestone <•.•.» 

First  C\:lh  Masonn*,  Granite 

Portland  Cement  Concrete,  1-2-4 

Portland  Cement  Concrete,  1-3-5 

I 


BEARING  POWER  OF  PaES.— The  maximum  laid  carrird  by  a  pile  should  not  exceed 
40,000  lb.  Pil.s  should  be  driven  not  less  than  10  ft.  in  hard  material,  nor  less  than  20  ft.  in  soft 
material  if  the  jiile  is  to  be  loaded  to  full  bearing.  The  safe  load  should  not  exceed  that  given  by 
the  Engineering  News  formula  (1),  Chapter  XIV. 

THICKNESS  OF  WALLS.— The  minimum  thickness  of  curtain  walls  in  «tccl  skeleton 
bmldings  should  bv  I3  iiL  for  brick  or  concrete  and  8  in.  fur  reinforced  concrete. 
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Schneider's  speciBcations  give  the  following  empirical  rule  for  calculating  the  thickneas  of 
walls  in  buildings  several  stories  in  height. 

"The  miaimum  thickness  of  walls  will  be  given  by  the  formuLa 

where  /  =•  minimum  thickness  of  wall  in  inches,  L  —  unsupported  length  in  feet,  which  shall  be 
assumed  as  not  less  than  24  ft.;  and  //,.  Ht.  //i,  etc.  the  heights  of  stories  in  feet  beginning  at  the 
top.     Cellar  walls  are  to  be  4  in.  thicker  than  the  first  story  walls." 

The  Chicago  Building  Ordinance  (1911)  contains  the  following: 

'*(a)  Brick,  stnne,  and  solid  concrete  walla,  except  as  otherwise  provided,  shall  be  of  the 
thickness  in  inches  indicated  in  the  following  table:" 

Thickness  of  Walls. 

Chicago  Building  Ordinance  (1911). 


Scork>. 

Baacment. 

I 

a 

3 

4 

5 

6 

7 

B 

9 

10 

IE 

la 

12 

12 

16 

12 

12 

16 

16 

12 

12 

20 

20 

[6 

16 

IZ 

24 

20 

20 

16 

16 

16 

H 

30 

20 

20 

16 

16 

lO 

2* 

20 

20 

20 

20 

16 

16 

16 

2* 

u 

24 

20 

20 

20 

l6 

16 

Ih 

28 

24 

=4 

24 

20 

20 

20 

lb 

16 

■6 

28 

.  28 

28 

=4 

24 

24 

20 

20 

20 

16 

16 

26 

28 

28 

24 

H 

24 

20 

20 

20 

16 

[6 

16 

32 

28 

28 

28 

24 

24 

24 

20 

20 

20 

16 

16 

16 

One-story .  . 
Two-^tory. . 
Three-story. 
Four-story. . 
Fivc-«tory.. 
Six-story . . . 
Seven-story, 
Eight-story. 
Nine-story. . 
Ten-story . . 
Eleven-story 
Twclvc-stor)' 


WATERPROOFING.— For  methods  of  waterproofing  walls,   floors,  etc.  aee  methods  of 
waterproofing  bridge  floors  in  Chapter  IV, 

CALCULATION  OF  WIND  LOAD  STRESSES.— ( 1 )  The  wind  load  on  the  sides  of  the 

steel  frame  in  a  building  in  which  the  wind  bracing  U  all  in  the  outside  walls  of  the  building  will 

carried  to  the  ends  of  the  building  by  means  of  bracing  in  the  plane  of  tach  floor  or  by  the  floor 

lbs  where  the  floors  are  made  of  reinforced  concrete,  and  the  loads  will  then  be  transferred  to 

\e  foundations  by  means  of  bracing  in  the  plants  of  the  ends  of  the  building.     In  calculating  the 

'Mresses  in  the  bracing  in  the  (*nd  panels  it  Is  usual  to  assume  that  the  wind  load  carried  by  each 

braced  bent,  con.sisting  of  two  columns,  togL-ther  with  the  floor  girders  and  wind  bracing,  is  equal 

to  the  total  wind  load  divided  by  the  numlnrr  of  braced  panels  in  the  plane.     This  was  the  mtthod 

used  in  calculating  the  stresses  in  the  Singer  Tower,  New  York.     (2)  As  usually  constructed  the 

interior  columns  have  brackets  and  only  part  of  the  wind  load  will  be  transferred  to  the  ends  or 

ides  of  the  building,  the  remainder  of  the  wind  load  will  be  transferred  to  the  foundations  by 

>rtal  action  and  flexure  in  the  columns  and  beams.     It  is  not  possible  to  determine  the  proportion 

the  wind  load  that  will  be  taken  by  the  main  framework  and  by  the  ends  of  the  building,  as  the 

tresses  in  the  framework  are  statically  indeterminate.     During  erection  and  before  the  floors 

ive  been  put  in  place,  or  with  types  of  floors  which  do  not  increase  the  rigidity  of  the  Ijuilding  in 

horizontal  planes,  the  wind  loads  wifl  alt  t>c  taken  by  the  framework  normal  to  the  side  of  the 

building  upt)n  which  the  wind  blows.     This  wind  load  is  commonly  taken  as  ^o  lb,  per  sq.  ft.  of 

all  framework  exposed.     When  rigid  floors  have  been  put  in  place  and  the  building  is  completed 

the  wind  load  will  be  taken  by  the  end  transverse  frames  and  the  intermediate  transverse  frames, 

in  proportion  to  the  relative  rigidity  of  the  two  frameworks.      In  a  long  narrow  building  with 

efficient  wind  bracing  in  the  intermediate  framework,  practically  all  the  wind  load  will  be  taken 

directly  to  the  foundations  by  the  transverse  interinediate  bents;  while  in  the  direction  of  the 

length  of  the  buihiing,  practically  all  ihc  wind  load  will  be  carried  by  the  bracing  in  the  sides  of 

the  building.     For  a  building  ab>  lung  as  wide  with  rigid  floors  and  efticient  tran&versc  framework 
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efficient  wind  bracing  Tn  the  ends  and  sides  of  the  building,  it  would  appear  reasonable  to 

iiDC  that  in  the  completed  building  one-half  the  wind  load  will  be  taken  by  the  intermediate 
tnnsverae  framework,  and  one-half  will  be  transferred  by  means  of  the  floors  to  the  ends  of  the 
biuidiiiK  and  then  transferred  to  the  foundations  by  means  of  wind  bracing  in  the  ends  of  the 
building.  The  author's  specifications  permit  reinforced  concrete  floors  to  be  considered  as  assisting 
in  transferring  wind  loads  in  finished  buildings,  but  most  speciBcations  require  that  the  steel 
framework  be  required  to  carry  all  the  wind  loads  in  the  completed  structure. 

The  transverse  intermcdbtc  framework  usually  consists  of  columns  and  floor  girders,  in 
which  the  ftixyr  girders  have  brackets  or  knee  braces  at  the  ends  to  increase  the  rigidity  of  the 
framework.  It  will  be  seen  that  it  is  not  only  impossible  to  calculate  the  amount  of  wind  lotid 
that  is  taken  by  each  interme<liate  transverse  framework,  but  that  the  intermediate  transverse 
ffmiDCWork  is  itself  statically  indeterminate.  In  addition  to  being  statically  indeterminate  it  is 
■oc  poosible  to  determine  the  sizes  of  the  columns  and  floor  girders  until  after  the  wind  stresses 
Are  determined.  With  a  given  framework  in  which  the  sires  of  the  members  and  the  loads  are 
given  the  stresses  may  be  calculated  by  taking  into  account  the  deformations  of  the  structure  or 
by  the  "Theory  of  Least  Work."  From  the  above  it  can  easily  be  seen  that  an  exact  solution  of 
thi  wind  stresses  in  a  tall  steel  frame  buildii^  is  impracticable  and  that  an  approximate  practical 
solution  must  be  used.  Three  approximate  methods  for  calculating  the  wind  stresses  in  tall 
■teel  frame  buildings  arc  dcscrilxxl  by  Mr.  R.  Fleming  in  Eng.  News,  March  13.  1913.  The  third 
nethod  described  by  Mr.  Fleming,  and  known  as  the  "Continuous  Portal  Method,"  follon's  the 
method  of  the  continuous  portal  given  in  the  author's  **  Design  of  Steel  Mill  Buildings'*  and  is  the 
method  in  roost  common  use.  This  method  will  now  be  described  and  some  of  its  limitations 
will  be  shown. 

Problem. — A  transverse  intermediate  frame  bent  consisting  of  four  columns  with  bracketed 
Roor  girders  will  be  taken  as  in  Fig.  I.  The  wind  loa<U  are  assumed  as  acting  in  the  planes  of  the 
Boon  as  shown.  It  will  be  assumed:  (1)  That  the  framework  is  rigid,  that  is  the  columns  and 
loor  girders  do  not  change  their  lengths.  {2)  That  each  of  the  four  columns  takes  one-fourth 
of  the  shear.  (3)  That  the  point**  of  contra-fiexure  in  the  columns  are  midway  between  the  floors. 
(4)  That  the  vertical  components  of  the  stresses  in  the  columns  vary  as  the  distance  from  the 
ceater  of  the  building,  or  center  of  gravity  of  the  columns. 

The  shear  in  each  column  between  the  6th  floor  and  the  roof  will  be  i.ooo  lb.  The  shear  in 
each  column  between  the  5th  and  6th  floors  will  be  2,500  lb.  The  shear  in  each  column  between 
the  4th  and  5th  floors  will  be  4,000  lb.  The  shears  in  the  other  columns  are  shown  in  Fig.  I. 
The  bending  moments  at  the  tops  of  each  column  between  the  6th  floor  and  the  roof  is  M  ^^ 
+  1,000  tb.  X  6  ft.  -  +  6,000  ft.-lb.  To  calculate  the  vertical  slrcs-vs  in  the  columns  in  the  top 
sCory  take  moments  about  a  plane  cutting  the  columns  in  the  points  of  contra-flexurc.  Then 
the  stresac*  vary  as  the  distance  from  the  center  of  the  building, 

Vi  X  24  ^t.  +  K,  X  8  ft.  -  V,  X  8  ft.  -  r*  X  24  ft. 

«  4,000  lb.  X  6  ft. 
••  24.000  ft.-lb. 

K,  -  -  K4-3K,  «  -3V.. 

K,(3  X  24  +  «  +  8  +  3  X  24)  ft.  =  24,000  ft.-!b 

^'  "*  ^1^  *^-  "  '50  !b.  -  -  V. 

K,  -  450  lb.  «  -  V*. 

The  bending  moment  in  the  floor  girder  at  the  top  of  column  No.  I  must  be  Af  =  —  6,000 
ft.-tb.,  and  will  be  e<iual  to  the  vertical  stress  in  column  No.  i  multiplied  by  the  distance  to  the 
point  d  contra-flexurc.    The  point  of  contra-flexurc  in  floor  girder  2-3  will  be  at  the  ceater  of 
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panel,  while  (he  point  of  contra- flexure  in  floor  girder  3-4  will  be  13  ft.  4  in.  from  column 
No.  4..  The  bending  moments  at  the  ti>p  of  column  No.  2  will  be  Mt  =  +  6,000  ft. -lb.;  in  the 
right  end  of  floor  girder  1-3  will  be  ifi_i  =  —  450  lb.  X  2  ft.  S  in.  *■  —  1,200  ft.-lb.;  in  the  left 
end  of  floor  girder  2-3  will  be  A/j_j  =  —  600  lb.  X  8  ft.  =  —  4,800  ft.-lb.  It  will  Ik*  seen  that 
the  sum  of  the  bending  moments  equals  zero  and  the  point  is  in  equilibrium.  The  bending 
aioments  at  the  tops  of  columns  No.  3  and  No.  4  are  calculated  in  the  same  manner.  The  direct 
■tress  in  floor  girder  3-4  is  4,500  lb.,  in  floor  girder  2-3  is  3,000  lb.,  and  in  floor  girder  1-2  is  1,500  lb. 

In  the  plane  of  the  6th  floor  the  bending  moments  at  the  foot  of  the  columns  tx^tween  the 
6ch  floor  and  the  roof  will  be  Af  =  +  6.000  ft.-lb.,  while  the  beading  moments  in  the  columns 
bdow  the  6th  floor  will  be  Af  -  2,500  lb.  X  6  ft.  =  -|-  15,000  ft.-lb.  The  bending  mam<'n(s  in  the 
Boor  girders  are  calculated  as  for  the  roof  girders.  It  will  be  i^een  that  the  sum  of  the  bending 
nomcnts  at  each  intersection  of  column^  and  fltxir  girders  equals  zero  and  thv  structure  is  in 
ftatic  equilibrium.  The  remainder  of  the  vertical  stresses,  horizontal  stresses  and  bending 
moments  arc  easily  calculated  in  the  same  manner. 

Limitation  of  Method. — When  the  transverse  framework  consists  of  more  than  four  bays 
(five  columns)  the  solution  abin-c  locates  the  point  of  contra-flexure  of  the  leeward  floor  girder 
in  the  second  panel,  and  the  method  fails,  as  the  point  of  contra-flexure  in  the  girder  must  not 
fall  outside  of  the  girder.     For  a  wide  building  the  shears  cannot  be  taken  equal. 

Distribution  of  Shears. — In  the  above  solution  it  is  assumed  that  the  shear  is  taken  equally 
by  the  columns.  If  the  columns  do  not  have  the  same  cross-section  this  assumption  will  not  be 
correct.  If  the  columns  do  not  have  the  .same  cross-section  the  condition  that  the  deflection  of 
the  points  of  contra-flexure  in  each  story  are  equal  will  require  that  the  shears  in  the  columns 
be  in  proportion  to  the  moments  of  inertia  of  the  cross- sect  ions  of  the  columns. 

Fur  buildings  having  a  greater  width  than  four  bays  the  most  consistent  method  ia  to  calcu- 
late the  shear  in  the  outside  columns  so  that  the  points  of  contra-flexure  in  the  floor  girders  will 
DOC  fall  outside  the  girder,  the  remainder  of  the  shear  being  equally  divided  among  the  inside 
columns. 

ALLOWABLE  STRESSES.— The  allowable  stresses  in  the  steel  framework  of  high  buildings 
should  be  taken  the  same  as  for  steel  frame  buildings  in  Chapter  I.  It  is  usual  to  add  25  per  cent 
to  the  live  load  stresses  due  to  cranes  and  vibrating  machinery  to  provide  for  impact. 

Comparison  of  Compression  Fonnulas.— The  standard  formula  for  the  design  of  compression 
members  adopted  by  the  .\m.  Ry.  Eng.  Assoc.,  is  used  by  the  authur  in  his  "Sjx-cificdtions  for 
Scecl  Frame  Buildings"  in  Chapter  I,  and  by  the  building  ordinance  of  Chicago.  The  A.  R.  E.  A. 
lormola  is 

P  —  16,000  —  yol/r  (1) 

where  P  »  unit  stress  in  lb.  per  sq.  in.;  t  —  length  and  r  =  least  radius  of  g>Tation  of  the  column 
tn  itiches.     The  maximum  value  of  P  is  taken  as  14.000  lb. 

I        The  American  Bridge  Company's  Formtila. — I'he  American  Bridge  Company  has  adopted 
the  following  formula  for  the  design  of  compression  members. 
Axial  compression  of  gross  sections  of  columns,  for 
^_  ratio  of  Ifr  up  to  120. .  .  lo.ono  —  looljr 


ratio  of  V/r  up  to  120. 
with  a  maximum  of. 
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where  /  =  effective  length  of  members  in  inches, 

r  —  corresponding  radius  of  gyration  of  section  in  inches. 

For  ratios  of  l/r  up  to  ISO,  and  for  greater  ratios  up  to  200,  use  the  amounts  given  in  the 
preceding  table.    For  intermediate  ratios,  use  proportional  amounts. 

A  comparison  of  several  compression  formulas  is  given  in  Table  IX. 


TABLE  IX. 

Comparison  of  Compression  Formulas. 

Allowable  Unit  Stresses  in  Pounds  per  Square  Inch. 

American  Bridge  Company. 


A.  R.  E.  A«6"n. 

• 
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NewYoA. 

Phnadrlphla. 

Boiton. 

1 

KeCchum. 

A.  B.  Co. 
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Name  of  FormuU. 

AbbievifttkHi. 

Mudmam  Ratio  at  Ur. 
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Fig.  3,    Details  of  Floorbeams  for  a  Steel  Office  Building. 
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DETAILS  OF  FRAMEWORK.— The  framework  of  a  steel  skeleton  building  consists  of 
6oi>rbedms  and  floor  girders  which  carry  the  floor  loads  to  the  columns,  of  columns  which  carry 
the  toads  to  tlic  foundations  and  uf  foundations  which  transfer  the  loads  to  the  earth;  the  columns 
arc  braced  transversely  and  longitudinally  by  wind  bracing  and  by  mcana  of  the  floor  girders, 
and  the  roof  is  earned  oo  trusses  or  on  roof  beams  or  purlins.  There  Is  in  addition  niibcellaiveous 
framing  to  carry  the  outside  walls  and  the  cornice,  and  the  framing  around  elevators,  etc.  For 
additional  details,  sec  Chapter  XII.  Structural  Drafting. 
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Fig.  6.    Column  Schedule. 


Floor  Plan. — The  floor  is  carried  on  floorbeams  to  the  floor  girders  and  by  the  floor  girders 
to  the  ctilumns.  A  detail  plan  of  a  section  of  a  floor  plan  of  a  steel  skeleton  building  is  shown  in 
Fig.  3.     The  floorbeams,  girders  and  columns  are  numbered  as  shown. 

Details  of  floorbeams  for  an  ei(^ht  story  &te<>l  office  building  are  given  in  Fig.  3.  For  addi- 
tional details  of  rolled  beams  and  bracing,  ace  Chapter  XI  I.  Details  of  cast  separators  are  given 
in  Fig.  4. 

Colnmnt. — Details  of  necl  columns  that  arc  commonly  used  in  steel  skeleton  buildings  are 
gj^'rn  in  Fig.  5.     The  built-H  columns  made  of  4  angles  and  i  plate  or  of  4  angles  and  3  or  5  plates 
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Fig.  13.    Cast  Iron  Column  Bases.    American  Bridge  Company. 
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as  given  in  (i)  and  (2)  are  the  most  satisfactory  columns  for  usual  conditions.  The  Bethlehem 
H  columna  in  (ti)  and  (12)  make  very  satisfactory  columns.  While  the  Bethlehem  H  columns 
require  the  driving  of  less  rivets  than  are  required  to  fabricate  built-H  columns,  the  extra  cob|| 
required  to  drill  from  the  snlid  in  hea\'>*  Bethlchrm  H  cotumns  malcos  the  final  cost  of  the  two 
types  of  columns  practically  the  same  for  average  conditions.  Columns  made  of  two  channels 
laced  are  deficient  in  lateral  rigidity  and  should  only  he  used  for  light  loads.  Z>bars  are  flifBcult 
to  obtain  from  the  rolling  mill  and  Z-bar  rohimns  should  not  Im*  us**d  unless  it  is  known  that 
Z-bars  can  bt"  obtainud.     A<iditJoi]al  sections  are  given  in  Fig.  14. 

Column  Schedule. — A  column  sihedule  shoubi  Ix'  prepared  iis  in  Fig.  6.  The  column  schedule 
should  give  the  length,  area  of  cros?-section  and  the  composition  of  every  column  in  the  building. 
For  the  uac  of  the  shop  draftsmen  the  dea<i  lixid,  wind  Uiad  and  eccentric  stresses  should  be  given 
for  each  column. 

Colunm  Details. — Standard  details  for  channel  columns  and  for  plate  and  angle  columns  are 
gi\'en  in  Fig.  7.  Details  of  channel  columns  arc  given  in  Fig.  8.  Details  of  plate  and  angle 
columns  are  given  in  Fig.  9  and  Fig-  lo.  Details  of  column  splices  are  given  in  Fig.  ii  and  Fig.  li^ 
Details  of  a  column  used  in  the  .'dinger  BuiUItng  are  shown  in  Fig.  27. 

Column  Bases. — Details  of  cast  iron  column  bases  as  designed  by  the  American  Bridge 
Company  are  given  in  Fig.  13  and  Fig.  14.      Intermediate  sizes  may  be  obtained  by  interpolation. 
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Fig.  15.    Cast  Steel  Base. 


BiriLT  Steel  Column  Bass. 


Details  of  a  cast  steel  column  base  used  in  the  Singer  Building  arc  shown  in  Fig.  15.  Details 
of  a  built  steel  column  base  designed  by  Mr.  E.  W.  Stern.  Consulting  Engineer,  are  shown  in  Fig.  16 
Mr.  Stern  ctmsiders  the  built  steel  c(»lumn  base  as  cheaper  and  more  reliable  than  a  cast  ste«l! 
base;  and  cheaper  and  very  much  more  reliable  than  a  cast  iron  base.  In  addition  the  base  is. 
easily  B«t  and  readily  grouted.  After  setting,  the  base  is  grouted  with  i  to  2  Portland  cemen^ 
mortar.     Bases  of  this  design  have  been  used  for  loads  up  to  1, 600  tons.  I 

Anchors. — Details  of  anchors  are  given  in  Fig.  17,  Anchors  for  columns  in  tall  buildings 
should  be  calculated  for  the  actual  conditions. 

FOUNDATIONS. — The  foundation  for  a  tall  building  will  depend  upon  the  height  of  th» 
structure,  the  total  load  on  the  foundation,  the  character  of  the  soil,  and  the  requirements  of  the 
design  and  may  be  briefly  descrilx^d  as  follows.  , 

(1)  Ordinary  wall  or  pier  foundations  built  on  the  natural  soil.  I 

(2)  WalU  and  ciilunins  supported  by  timber  grillage  resting  on  the  soil.  I 

(3)  Walls  and  columns  supported  on  grillages  made  of  steel  beams  or  bars  encased  In  concret6. 
and  resting  on  the  soil. 

(4)  Piles  of  timber  or  concrete  driven  to  rock  or  to  a  sufficient  depth  to  carry  the  loads  without) 
settlement. 

(5)  Caissons  as  const  nirtod  in  Chicago  by  excavating  in  an  open  well  or  shaft,  curbing  itl 
with  timber,  and  then  filling  the  well  with  concrete.  ' 

(6)  Caissons  as  constructed  in  New  York  by  sinking  steel  cylinders,  or  steel  and  timber 
caissons,  or  reinforced  concrete  caissons,  usually  by  the  pneumatic  process  and  filling  the  shaft! 
with  concrete.     The  first  type  of  foundation,  where  the  soil  is  compressible,  can  only  be  used  for) 
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DETAILS  OF  ANCHORS  AND  'ANCHOR   BOLTS. 
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ilriing*  of  four  to  six  storiea,  but  may  be  used  for  buildings  of  twelve  to  fifteen  stories  where  the 
Ipporting  power  <A  the  soil  is  considerable  as  in  Denver.  With  high  buildings  the  footings 
:ome  so  large  as  to  be  very  expensive  and  alao  encroach  upon  the  basement  area. 
Timber  grillage  and  timber  piles  must  be  kept  permanently  wet  or  the  life  of  the  foundation 
will  be  very  short.  Many  of  the  early  tall  buildings  in  Chicago  were  carried  on  timber  grillages 
and  on  timber  piles,  but  the  settlement  of  the  structures  was  so  great  that  the  method  was  aban- 
doned for  the  methofi  of  concrete  wells. 

Steel  grillage  foundations  have  been  much  used  for  high  buildings.     With  steel  grillage  the 
foundations  may  be  made  very  shallow  so  that  the  basement  is  not  encroached  upon. 


Fic.  31.    Details  of  Wixd  Bracing  in  United  Fire  Company's  BuaDiNG. 
(Eng.  Record,  Dec.  9,  igii.) 

In  dties  like  Chicago  and  New  York  where  real  estate  is  so  \'aluable  that  basements  are 
often  made  three  or  four  stories  in  depth,  and  where  nearby  disturbances  due  to  excavations  and 
tunneling  would  cause  settlement  it  haa  been  found  necessary  to  carr>'  the  foundations  to  rock 
by  means  of  wells  or  pneumatic  caissons.  In  Chicago  the  wells  commonly  vary  from  5  ft.  to 
12  ft.  in  diameter  and  are  sunk  in  the  open  and  are  lined  with  timber  curbing.  After  bed  rock  is 
reached  the  well  is  filled  with  concrete. 

For  a  description  of  the  sinking  of  the  foundations  for  buildings  in  New  York  City,  see  a  paper 
entitled  ''Foundations  for  the  New  Singer  Building,  New  York  City"  by  Mr.  T.  Kennard  Thom- 
son, ConsultinK  Eiiginerr,  in  Trans.  Am.  Soc.  C.  E,,  V^ol,  63,  June,  1909. 

SPACING  OF  COLUMNS. — The  spacing  of  columns  in  steel  frame  buildings  varies  from 
about  II  ft.  to  34  ft.,  depending  upon  the  height  of  the  building,  the  floor  loads,  the  type  of  floor 
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mod  other  conditions.  For  buildings  a  few  stones  tn  height  it  is  etronoiuical  to  space  the  columns 
closely  together,  while  in  high  buildings  a  spacing  of  l6  ft.  to  2o  ft.  will  commonly  be  found  eco- 
oomical.  The  columns  in  the  Singer  Tower  in  Fig.  22  were  spaced  12  ft.  centers;  the  columns  in 
the  Guaranty  Trust  Company's  New  York  Building,  162  ft.  high  were  spaced  about  16  ft.  by  16 
ft.  and  21  ft.  6  in.  by  19  ft.  9  in.;  the  columns  in  the  Woolworth  Uuilding,  New  York,  were  spaced 
at  di»tancvs  varying  from  18  ft.  6  in.  by  18  ft.  6  in.  in  the  main  part  to  a  maximum  of  2d  ft.  by 
38  ft.  in  the  tower. 


—WO ' — •■ 

Fig.  32.    Typical  Floor  Plan  of  Singek  Towbe, 


H  FLOOR  PANELS. — For  the  long  span  system,  floor  girders  connect  the  columns  forming  a 

■  aquarc  or  rectangle,  the  floor  stabs  being  supported  on  the  floor  girders.     For  the  short  span 
H  •yBtem,floorbeams  are  carried  by  the  floor  girders  and  the  spans  for  the  flooring  arc  reduced.     The 

■  spacing  of  the  floorbcams  will  depend  upon  the  type  of  floor,  but  it  will  commonly  be  found  eco- 
^  nomical  to  use  an  even  number  of  floorlx^ams  giving  an  odd  number  of  short  spans  in  each  p>aneL 

A  common  arrangement  is  to  use  two  floorbcams  which  divide  each  panel  into  three  short  spans. 
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SPANDREL  SECTIONS.— The  design  o(  the  curtain  walls  that  are  supported  by  the  spandrel 
beams  will  depend  upon  the  material  of  which  the  wall  is  built,  the  amount  and  character  of  the 
ornamentation,  and  the  details  of  the  windows.  The  details  of  the  wall  construction  in  the 
United  Fire  Comijany's  Building,  New  York,  are  given  in  Fig.  l8.  The  spandrel  masonry  is  carried 
by  the  wall  girders  and  by  horizontal  angles  bracketed  from  their  outer  faces.  The  angles  in  the 
outer  flanges  of  the  wall  girders  are  often  wider  than  those  in  the  inner  flanges  to  give  addilionaJ 
support  to  the  masonry,  and  both  they  and  the  detached  spandrel  angles  have  holes  through  their 
horizontal  flanges  to  receive  vertical  expansion  and  wedge  bolts  to  hold  the  stone  or  terra- 
cotta.    The  mulUons  over  the  windows  arc  made  of  3  in.  by  4  in.  tees. 


The  details  of  the  spandrel  walls  should  be  worked  out  by  the  architect  and  the  engineer 
workmg  together  if  the  Inrst  results  are  to  be  obtained. 

WIND  BRACING,— The  arrangement  of  the  wind  bracing  in  a  steel  frame  building  will 
depend  uiKjn  the  size  and  height  of  the  building,  upon  the  arrangement  of  the  columns  and  the 
space  that  may  be  occupied  by  the  wind  bracing.  Several  types  of  wind  bracing  are  shown  in 
Fig.  19.  Where  space  permits  the  diagonal  bracing  is  the  most  effective.  Diagonal  bracing  can 
only  be  used  in  s(*lid  walls  or  partitions.  Knee  braces  (b)  and  portal  bracing  (c),  can  be  used 
in  outside  walls  where  there  is  sufhcient  space  above  and  below  windows.  Brackets  (d)  are 
used  where  the  vertical  clearance  is  limited  and  in  wind  bracing  transversely  through  the  building. 
Details  of  wind  bracing  of  the  United  Fire  Company's  Building.  New  York,  are  given  in  Fig.  20 
and  Fig.  21,  The  building  is  130  ft.  6  in.  by  173  ft.  6  in.  in  plan  and  25  stories  in  height.  The 
columns  are  of  Bethlehem  H  sections  two  stories  in  height.  The  floor  panels  are  chiefly  15  ft. 
6  in.  by  34  ft.  3  in.     The  columns  rest  on  grillages  which  rest  on  pneumatic  piers. 

Details  of  the  wind  bracing  in  the  Singer  Building  are  given  in  Fig.  24,  Fig.  25.  and  Fig.  26. 


SINGER   BUILDING. 


101 


SINGER  BUILDING.* — The  Singer  Building  consists  of  a  main  portion  approximately  75  ft.  by 
116  ft.  in  plan  ami  14  stories  high,  and  a  lower  60  ft.  by  60  ft.  in  plan  and  41  stories  high  with  a 
four  tier  lantern  which  rises  to  a  total  height  of  6i3  ft.    The  building  is  of  skeleton  steel  con- 
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Fig.  24.    Diagram  op  Wind  Bracing,  Singer  Building 


■truction,  fircproofed  with  teira-cotta  tiling  and  provided  with  tcrra-cotta  floor  systems  surfaced 
with  cement.  The  rulumns  arc  carried  on  concrete  footings  sunk  by  the  pneumatic  process  to  a 
depth  of  90  feet.     The  columns  arc  spaced  12  ft.  centers  and  arc  coonccttd  at  right  angles  by 


•  Engineering  News,  Vol.  58,  pp.  595  to  598. 
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Fio.  25.    Plan  of  Wind  Bracing, 
SiNGEB  Btamso. 
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Fig.  a6.     Details  op  Wintj  Bbacing, 
Singer  Building. 


Fig.  27.    Column  in  Singer  BuaoiNc. 
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girden  and  floorbeams.  A  typical  floor  plan  of  the  tower  is  shown  in  Fig.  23.  The  columns  arc 
nud«  of  two  channels,  reinforced  with  plates  where  necessary.  Details  of  a  typical  column  are 
shown  in  Fig,  27.  The  wind  bracing  of  the  steel  frame  is  shown  in  Fig.  24.  A  plan  of  the  wind 
bracing  in  the  tower  is  shown  in  Fig.  25.  The  panels  that  have  heavy  lull  linos  were  wind  braced 
to  the  jjd  story  on  the  exterior  and  to  the  36th  story  on  the  interior.  Heavy  dulled  Unea  indi- 
cate wind  bracing  to  the  14th  story.  Fine  lines  indicate  no  diagonal  bracing.  Circles  on  diagonal 
intenections  represent  anchor  bolts.  In  designing  the  bracing  the  loads  were  distributed  as 
follows: — It  will  be  noticed  that  in  a  north  and  south  direction  there  are  II  lines  of  wind  bracing 
in  the  tower,  nearly  symmetrically  placed.  It  was  therefore  assumed  that  on  each  stor>*  each 
line  of  X-bracing  took  tV  of  ^^^  total  wind  pressure  of  30  lb.  per  sq.  ft.  The  loads  on  the  bracing 
in  an  east  and  west  direction  were  distributed  in  a  similar  manner.  The  details  of  the  X-bracing 
arc  shown  in  Fig.  26.  Each  of  the  12  ft.  square  towers  was  assumed  to  act  independently  and 
the  uplift  of  thu  columoB  was  provided  for. 
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1.  Desipi. — Id  all  steel  frame  or  skeleton  buildings  the  stresses  due  to  external  and  internal 
and  wind  stresses  shall  be  transmitted  to  the  foundation  by  the  steel  framework,  no  reliance 

being  placed  on  the  strength  of  the  walls  and  partiiions.  Beams  and  girders  shall  have  riveted 
connections  to  the  steel  columns.  All  columns  shall  lie  of  structural  steel  with  their  diflFcrent 
parts  riveted  together  an<i  shall  l>e  riveted  to  the  beams  and  girders  connecting  to  them. 

2.  LOADS.— The  structua-  shall  be  designed  to  carry  the  following  lixids. 

3.  Dead  Loads. — The  dead  load  shall  consist  of  the  weight  of  all  permanent  constructioa 
and  fixtures,  such  as  walls,  roofs,  interior  partitions,  and  fixed  or  permanent  appliances.  The 
weights  of  different  materials  shall  be  assumed  as  given  in  Table  1.  The  minimum  weight  of 
fireproof  floors  to  be  assumeiJ  in  designing  the  rto»>r  system  shall  be  75  Ih.  ptT  sq.  ft.  The  actual 
weight  of  flixirs  shall  be  used  in  designing  columns.  The  minimum  weight  of  movable  jjartitions 
shall  be  taken  as  10  lb.  per  sq.  ft. 

4.  Li?e  Loads. — The  live  load  shall  coasist  of  movable  loads  and  loads  due  to  machinery 
and  oth«*r  appliances. 

The  live  toads  require<l  by  Schneider's  specifications  and  given  in  Table  l\'  shall  be  used 
for  the  different  classes  of  buildings.  The  maximum  stresses  due  to  any  one  of  the  three  systems 
of  loads  shall  be  used  in  the  design.  Floor  slabs  for  office  buildings  may  be  designed  for  a  uniform 
load  equal  to  twice  the  distributed  load  given  in  the  second  column  of  Table  IV,  and  the  effect 
of  the  concentrated  I'^ad  may  be  neglected.  The  concentrated  load  and  load  per  linear  foot  of 
girder  shall  be  considered  in  the  design  of  all  beams  and  girders.  Flat  roofs  of  office  buildings, 
ootcls,  etc.  that  can  be  loaded  by  crowds  of  people  shall  be  designed  as  the  floors. 

5.  Impact, — For  structures  carrying  traveling  machinery  such  as  cranes  or  conveyors,  or 
machinery  such  as  printing  presses,  2«i  per  cent  shall  be  added  to  the  stresses  resulting  from  live 
load  to  provide  for  impact  and  vibrations. 

6.  Snow  Loads.— The  snow  loads  on  roofs  shall  be  taken  the  same  as  for  steel  frame  mill 
hundinK»,  Fig.  i,  Chapter  I. 

7.  wind  Loads. — All  structures  shall  be  designed  to  resist  the  horizontal  wind  pressure  on 
the  surface  expi^MxJ  above  surrounding  buildings  as  follows. 

a.  The  wind  pressure  on  rwjfs  shall  be  taken  as  the  normal  component,  calculated  by  Duchera- 
in's  formula.  Fig.  3,  Chapter  I,  of  30  lb.  per  square  foot  on  the  vertical  projection  of  the  roof. 

b.  The  wind  pressure  on  the  sides  and  ends  of  buihlings  except  as  otherwise  provided  in  the 
following  paraj^raph  shall  be  assumed  as  20  lb.  per  square  foot  acting  in  any  direction  horizontally, 

c.  In  de'iik;ninc  the  steel  or  reinforced  concrete  framework  of  fireprrHif  V)uil<lings  the  frame- 
work shall  \tr  designed  to  resist  a  wind  pressure  of  30  lb.  per  square  foot  acting  on  the  total  exposed 
surface  of  all  parts  composing  the  framework  or  a  horizontal  wind  pressure  of  20  lb.  per  square 
foot  acting  in  any  direction  horizontally  on  the  sides  and  ends  of  the  completed  building.  The 
strength  of  reinforced  concrete  floors  may  be  considered  in  calculating  the  strength  of  the  frame- 
work in  the  completed  structure.    The  framework  before  the  structure  has  been  completed  ahall 
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be  self>supportinK  without  walls,  partitions  or  floors.  In  no  case  shall  the  overturning  moment 
due  to  wind  pressure  exceed  75  per  cent  of  the  resisting  moment  of  the  structure.  In  the  calcu- 
lations for  wind  bracing  the  working  stresses  for  dead  and  live  loads  may  be  increased  25  per 
cent  providing  llie  sections  are  not  leiss  than  required  for  dead  and  live  loads.  Chimneys  shall 
be  designed  to  resist  a  wind  pressure  of  20  lb.  (J  of  30  lb.)  per  square  fcwt  acting  on  the  vertical 

Croiection  of  the  chimney.     Curtain  walls  carried  on  the  framework  of  steel  or  reinforced  concrete 
uiidtngs  shall  be  designed  to  resist  a  horizontal  pressure  of  30  lb.  per  square  foot  acting  hori- 
zontally on  the  outside  of  the  entire  surface  of  the  wall. 

8.  Minimum  Loads  on  Roofs. — Roofs  shall  be  designed  for  the  minimum  loads  specified  by 
Schneider  and  given  in  Table  VI. 

9.  Live  Loads  on  Columns. — For  columns  carrying  more  than  five  floors,  the  live  load  may 
be  reduced  as  follows: 

For  columns  supporting  the  roof  and  top  floor  no  reduction. 

For  columns  supporting  each  successive  ntx>r  a  rtfluction  of  5  per  cent  of  the  total  live  load 
may  be  made  until  50  per  cent  is  reached,  which  reduction  of  the  load  shall  be  used  for  the  columns 
supporting  all  remaining  floors.  No  column  shall,  h<iwe\'er,  be  designed  fur  a  live  load  of  less 
than  20,Of>0  lb.  The  abuvc  reduction  is  not  to  apply  to  the  live  luad  on  columns  of  warehouses, 
and  similar  buildings  which  are  liable  to  be  fully  loaded  on  all  floors  at  the  same  time. 

to.  Loads  on  Foundations.  The  loads  on  foundations  shall  not  exceed  the  following  in 
tons  per  square  foot : 

Ordinary  clay  and  dry  sand  mixed  with  clay a 

Dry  sand  and  dr>'  clay 3 

Mard  clay  and  firm,  coarse  sand 4 

Coarse  sand  and  gravel ,,     5 

Shale  rock 8 

Hard  rock 30 

For  :ill  soils  inferior  to  the  above,  such  as  loam,  etc.  never  more  than  r  ton  per  square  foot. 

The  loads  on  foundations  shall  be  assumed  to  be  the  same  as  for  the  footings  of  columns. 
The  area  of  the  bases  of  the  foundation  shall  be  proportioned  for  the  dead  load  only  as  follows. 
That  foundation  which  has  the  largest  ratio  of  live  l(vad  to  dead  load  shall  be  selected  and  pro- 
portioned for  the  combined  dead  anfl  live  l(»ads.  The  dead  h»ad  on  this  foundation  shall  Iw 
divided  by  the  area  thus  found,  and  this  Rduce<l  pressure  per  square  foot  shall  be  the  permissible 
pressure  tt>  lie  used  for  the  dead  l!>iid^;  of  all  foundations. 

11.  Pressure  on  Masonry  and  Wall  Plates. — The  maximum  pressure  on  maaonry  and  wall 
plates  shall  not  l>e  gn-ater  than  the  values  given  in  Tabic  VTII. 

12.  Bases. — Structural  steel  columns  shall  rest  on  either  cast  iron,  cast  steel  or  built  steel 
bases  proportioned  90  as  to  distribute  entire  load  of  the  column  on  the  concrete  or  masonr\'  founda- 
tion. Columns  carrj'ing  wind  stresses  shall  Ixj  firmly  anchored  with  at  least  two  anchor  bolts 
to  a  mass  of  concrete  whose  weight  is  at  least  1}  times  the  up-llft  in  the  column.  All  columns 
shall  be  properly  secured  to  the  bases. 

13.  Shape  of  Foundations. — Foundations  under  columns  shall  be  symmetrical  except  under 
wall  columns,  where  the  center  line  of  the  column  must  lie  within  the  middle  third  of  the  founda- 
tion. In  this  case  the  average  intensity  of  the  pressure  on  the  soil  ahidi  not  exceed  one-half  the 
safe  load  allowed  for  a  symmetrical  section.  In  cases  where  the  wall  column  Itxid  exceeds  the 
above  safe  loads  the  column  must  rest  ujjon  a  steel  or  reinforced  concrete  girder  or  cantilever 
having  a  column  or  columns  at  the  inner  end.  The  foundation  shall  then  be  designed  for  the 
combined  l<^ids. 

14.  Rolled  Beams. — The  depth  of  rolled  beams  in  floors  shall  be  not  less  than  one-twentieth 
of  the  span,  and  if  used  as  roof  purlins  not  less  than  one-thirtieth  of  the  span.  In  case  of  floors 
subject  to  shocks  and  vibrations  the  depth  of  beams  and  girders  shall  be  limited  to  one-fifteenth 
of  the  sf^an.  If  shallower  beams  arc  used  the  sectional  area  shall  be  increased  until  the  maximum 
deflection  is  not  greater  than  that  of  a  Iwam  having  a  depth  of  one-fifteenth  of  the  span,  but  the 
depth  of  such  beams  shall  in  no  case  be  less  than  one-twentieth  of  the  span. 

15.  Expansion. — Provision  shall  be  made  for  expansion  and  contrartion  corresponding  to  a 
variation  of  temperature  of  150  ticgrccs  Fahr.  where  necessary.  Expansion  rollers  shall  not  be 
leas  than  4  inches  in  diameter. 

16.  Ckst  Iron. — The  allowable  stresses  in  cast  iron  shall  be  as  follows: 

Compression  «  12  000  lb.  per  sq.  in. 
Tension  "    2  500  lb.  per  s*].  in. 

Shear  ■•    i  500  lb.  per  sq.  in. 

17.  Steel  Columns. — Columns  shall  be  of  roUcil  or  built  sections.  No  wall  column  or  column 
with  eccentric  loads  shall  be  used  which  docs  not  have  at  least  one  solid  plate  or  web  of  metal  in  or 
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pvallel  to  the  plane  of  eccentric  stress.  Columns  shall  have  a  minimum  length  equal  to  two 
•Coritrs:  and  sphces  un  adjacent  columns  shall  preferably  be  made  at  different  stories  unleb6  the 
building  IS  5>'mmrtrical  about  a  middle  line  ot  columns,  in  which  case  for  case  in  construction 
similarly  situated  columns  may  be  made  alike.  Columns  shall  be  designed  so  as  to  provide  for 
efltectivc  cunnctlions  for  floorbeams,  girders  and  brackets.  The  splice*  bhall  be  strong  enough 
to  resiH  the  bending  stivsses  and  make  the  columns  practically  continuous  for  their  entire  length. 
The  itplices  of  columns  shall  be  riveted. 

18.  Roof  Trusses. — I<<x>f  trusses  shall  be  of  steel  and  may  have  either  pin  ur  riveted  con* 
ncctions,  and  shall  be  of  such  design  that  the  stress  in  each  member  may  be  calculated.  Roof 
truaaea  shall  \ic  braced  in  pairs  and  each  pair  of  trusses  shall  be  rigidly  connected  by  lateral  and 
transverBc  bracing.  Purlins  shall  be  made  of  shapes,  or  riveted  plate  or  lattice  girders.  Trussed 
purlins  will  not  be  allowc-d.  Main  members  of  trusses  shall  be  designed  so  that  the  neutral  ajcea 
of  intersecting  members  shall  meet  in  a  common  point,  or  if  this  is  not  possible  the  eccentric 
•tretaes  shall  be  calculated  and  provided  for. 

19.  Floorbeams.— Kl»»rtxramssh.ill  generally  l>e  rolled  steel  beams  and  shall  be  riveted  to  the 
floor  girders  by  means  of  connection  angles.  Floor  girders  may  be  rolled  beams  or  plate  girders 
and  shall  be  riveted  to  columns  by  means  of  connection  angles.  Shelf  angles  may  be  provided 
for  convenience  during  erection. 

The  flange  plates  of  all  girders  shall  be  limited  in  width  so  as  not  to  extend  beyond  the  outer 
line  of  rivets  conncvting  them  to  the  angles,  more  than  4  inches,  or  more  than  8  times  the  thickness 
of  the  thinnest  plate.  For  6reproi^f  lfc»ors,  Hoorlx'ams  shall  generally  l»e  lied  together  with  tic 
rods  at  intervals  not  to  exceed  8  limes  the  depth  of  the  beams.  Tic  rods  are  not  required  with 
rvinforccd  concrete  floors  where  the  reinforcement  is  rigidly  fastene<]  to  all  outside  beams  and 
(irdcrs.  Holes  for  tic  rods,  whwe  the  construction  of  the  floor  permits,  shall  be  spaced  3  inches 
above  the  bottom  of  the  beam. 

Where  more  than  one  rolled  l>eam  is  used  to  form  a  girder,  they  shall  be  connected  by  cast 
ifon  or  steel  sepanttors  and  l>olts  sp.iced  at  intervals  of  not  more  than  5  feet.  All  beams  having  a 
depth  of  12  inches,  and  more  shall  have  at  least  2  bolts  to  each  separator. 

30.  Wail  Plates. — Bearing  stones  of  granite,  crystalline  sandstone,  or  metal  plates  shall  be 
uard  to  rvducc  or  distribute  the  pressure  on  the  wall  under  the  ends  of  wall  beams,  girders  and 
truaaea. 

21.  Wall  Anchors. — The  wall  ends  of  beams,  girders,  and  columns  shall  be  anchored  securely 
to  give  HKidity  to  tht*  strurture. 

33.  Minimum  Thickness  of  MetaL — No  plate  or  rolled  section,  having  a  thickness  of  less 
thun  i  in.  shall  l>e  usetJ  except  for  fillers. 

35.  Bracing. — I^iteral,  longitudinal  and  transverse  bracing  shall  preferably  be  composed  of 
rigid  mem  tiers. 

34.  Material. — All  parts  of  the  structure  shall  be  of  rolled  steel  except  colunm  bases,  bearing 
plates,  separators  or  minor  details  which  may  t)c  of  cast  iron  or  cast  steel.  The  steel  shall  be 
made  In*  the  oijcn-hearth  process.  AH  rolled  steel,  cast  steel  and  cast  iron  shall  comply  with  the 
"Spetifications  for  Structural  Steel  fur  Buildings"  adopted  by  the  American  Society  for  Testing 
Materials  anrl  printe<l  in  Chapter  XV. 

35.  Stresses. — .Ml  part^  of  the  structural  framework  shall  l^e  designed  for  the  same  unit 
■treaaea  as  for  steel  frame  buildings  given  in  sections  33  to  46  inclusive  of  "Specifications  for 
ScccI  Frame  Buildings"  in  (haptrr  I. 

36.  Details  of  Construction. — The  details  of  construction  shall  comply  with  the  specifications 
for  atccl  frame  buildings  given  in  sections  78  to  II7  inclusive  of  "Specifications  for  Steel  Frame 
Buihlingfl."  in  Chapti  r  I. 

37.  Workmanship. — The  workmanship  shall  be  equal  to  the  best  practice  in  modem  bridge 
works  and  shall  comply  with  sections  143  to  186  inclusive  of  "Specifications  for  Steel  Frame 
Buildings"  in  Ch.iptor  I. 

38.  Inspection  and  Testing  at  MiU  and  Shop. — The  specifications  aa-  the  same  as  given  in 
aections  187  to  193  inclusive  in  "Specifications  for  Steel  Frame  Buildings"  in  Chapter  I. 

Erection. 

39.  Tools. — The  contractor  shall  furnish  at  his  expense  all  necessary  tools,  derricks,  hoists, 
•Cftging  an<]  material  of  every  description  required  for  the  erection  of  the  work,  and  shall  remove 
■une  when  the  w'trk  is  completed. 

30.  Risks. — The  contr.ictor  shall  assume  all  risks  from  storms  or  accidents,  unless  caused  by 
the  negligence  of  the  owner,  and  all  damage  to  adjoining  property  and  to  persons  until  the  work 
la  completed  and  accepted. 

31.  The  contractor  nhall  comply  with  all  ordinances  or  regulations  appertaining  to  the  work. 
33.  Details  of  Erection. — The  structural  steel  and  iron  work  shall  be  eircted  as  rapidly  as 

the  progress  of  the  other  work  on  the  building  wrill  permit.     Bases,  bearing  plates  and  ends  of 
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e^nlers  which  require  to  be  grouted,  shall  be  supported  exactly  at  the  proper  level  by  means  of 
steel  wedges.  Structural  steel  and  ironwork  ahall  be  set  accurately  to  the  established  lines  and 
levels.  The  steel  and  iron  must  be  plumb  and  level  before  riveting  is  commenced  and  must  be 
kept  in  position  until  final  completion.  Temporary  bracing  shall  be  provided  to  resist  the  stresses 
due  to  derricks  and  other  erection  equipment.  Elevator  shafts  shall  be  plumbed  from  top  to 
bottom  with  piano  wire.  Riveted  connections  shall  be  carefully  drawn  up  before  riveting  is 
commenced.  Not  less  than  one-third  the  holes  shall  be  filled  with  field  bolts,  drawn  up  tight. 
All  field  connections  shall  be  riveted.  Pneumatic  hammers  shall  be  used  in  driving  field  rivets. 
Rivets  must  have  a  sufficient  length  to  completely  fill  the  holes  and  to  form  full  heads.  Rivets 
must  be  tight  with  full  concentric  heads.  Loose  or  imperfect  rivets  must  be  cut  out  and  redriven, 
recupping  or  calking  will  not  be  permitted.  Holes  which  will  hot  admit  a  cold  rivet  must  be 
reamed.  Where  bolts  are  permitted,  washers  not  less  than  \  in.  thick  shall  be  used  under  the 
nuts,  the  nuts  shall  be  drawn  tight  and  the  threads  checked  with  a  chisel.  Connections  to  cast 
iron  and  for  separators  in  steel  Mams  may  be  bolted. 

REFERBNCES. — For  the  details  of  the  design  of  tall  buildings  the  following  books  may  be 
consulted:  Kidder's  "Architects  and  Builders  Pocketbook";  Freitag's  "Fire  Prevention  and 
Fire  Protection";  Freitag's  "Architectural  Engineering";  Ketchum*s  "The  Design  of  Steel  Mill 
Buildings." 

For  a  full  discussion  of  foundations  for  steel  office  buildings,  see  Jacoby  and  Davis,  "  Founda- 
tions of  Bridges  and  Buildings,"  published  by  McGraw-Hill  Book  Co. 


CHAPTER  III. 
Steel  Highway  Bridges. 

Deftnitioa. — A  truss  is  a  framework  composed  of  individual  members  so  fastened  tofi^ether 
that  loads  applied  at  the  joints  produce  only  direct  tension  or  compression.  The  triangle  is  the 
only  geometrical  5gure  in  which  the  form  is  changed  only  by  changing  the  lengths  of  the  iddes. 
In  Us  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
truss  arc  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 

Types  of  Truss  Bridges. — The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry 
the  tloor  ami  the  liiad;  of  two  horizontal  trusses  in  the  planes  of  the  top  and  bottom  chords,  re- 
Bpecti\xly.  which  carry  the  horizontal  wiml  load  along  the  bridge,  and  of  cross-bracing  in  the  planes 
oS  the  end-posts,  called  portals,  and  in  the  planes  of  the  intermediate  posts,  called  s^*ay  bracing. 
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FlO.    I.       DlAGMAMMATlC   SCBTCB   OF   A   TBmOUCB    PRATT   TrUSS   HiGBWAY   BrIDGB. 

The  floor  is  carried  on  joists  or  stringers  placed  parallel  to  the  length  of  the  bridge,  and  which  arc 
■nppoftcd  in  turn  by  the  Aoorbrams.  The  names  of  the  different  parts  of  the  bridge  arc  fthown 
to  Fig.  I.  The  main  lies,  hip  verticals,  counters  and  intermediate  posts  arc  together  called 
"wel»."  The  bridge  shown  in  Rg.  i,  is  a  through  pin-connected  highway  bridge  of  the  Pratt 
type,  the  traRic  passing  through  the  bridge.  In  a  deck  bridge  the  roadway  floor  is  carried  on  top 
of  the  mmn  trusses.     The  bridge  shown  has  square  abutments;  if  the  abutments  arc  not  at  right 
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A«B^^^/)b7  QuarftrBctkmPksn  ^fkorOeam 

Flo.  2,    Flax  or  a  Low  ob  "Fosnr"  Tbcss  HicatVAT  Budge. 

7V  Mm$Am  ty^m  tA  \/tvl^f:  n  the  beam  bridge,  ^a)  F^  3.     Beam  bridges  cooimoiih-  conHst 
*A  \  \0Atn^  wUwM  ft|4ia  the  ojahii^,  and  are  placed  near  enough  together  to  carry  the  floor  of  the 
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(a)  Beam  Bridqe. 


,-^wvvv 


fd)Loi¥MouTen  Truss. 
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(b)Beam  LegBncfqe.      (e)L(wFMt  Truss.  Ha/fHfp. 


^c;  ^</55  Z^7  Bridge.  (f)  LowPraff  Truss^FuH  Slope. 

Fi<i.  3.    Types  op  Short  Span  Highway  Bridges. 

brldfcc-  Wlicrt!  founrlationd  arc  relatively  expensive  the  beams  may  be  carried  on  posts  as  in 
(b),  \"\%.  .V  A  triiHH  lcfc-t>n(lf[e  is  shown  in  (c),  Fig.  3.  Types  (b)  and  (c)  unless  constructed  with 
grrnt  rare  make-  inferior  Htructurcs  and  arc  not  to  be  recommended.    A  Warren  truss  is  a  combi* 
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bacion  of  isosceles  triangleo  as  shown  in  (d),  Fig.  3  and  in  (c)  and  (d).  Fig.  4.  The  Pratt  truss 
has  its  vertical  weh  members  in  compression  while  its  diagonal  web  members  are  in  tension,  as 
shown  in  (b),  Fig.  4.  The  Warren  truss  is  commonly  built  with  riveted  joints  while  the  Pratt 
tniM  1%  usually  built  »-ith  pin-conncctcd  joints.  The  Warren  low  truss  with  riveted  joints  as 
shown  in  (d)  is  generally  preferred  in  place  of  the  low  Pratt  truss  in  either  (c)  or  (f),  Fig.  3.  The 
lowe  tmss  has  its  vertical  web  members  in  tension,  and  its  inclined  web  members  in  compressioa 
shown  in  (a).  Fig.  4.  The  upper  and  lower  chords  and  the  inclined  members  of  a  Howe  truss 
commonly  made  of  limber,  while  the  vertical  tension  members  are  iron  or  steel  rods  or  bars. 


la  ^^  m  ^ 


/J?;  Thpwoh  Howe  Tposs 
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(d)  Qt/AOtAmtnAJf  TtmousH  HSikjni£M  Tkuss 
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(F)  Camel  Bach  Tmss 
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(i>  Tkeouatt  Penr  Tkuss  (/MT^i/ss 

Flo.  4.     TvFFs  or  HiGB  Truss  Stbbl  Budges. 


The  Whipple  tniss,  (c)  Fig.  4,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
lo  give  short  panels  in  long  sjians  which  liave  a  considerable  depth.  The  stresses  in  the  Whipple 
truss  are  indeterminate  fur  moving  loads,  and  its  use  has  been  practically  at)andoned,  the  Balti* 
truss,  (g)  Fig.  4  being  used  in  its  place.  ITie  quadrangular  Warren  truss  with  riveted  joints 
used  by  the  American  Bridge  Company  as  a  standard  truss  for  through  highway  bridges,  with 
•pons  oC  from  80  to  170  ft.     Like  the  Whipple  truss  its  stresses  are  indeterminate  for  moving  loads. 

For  spans  of  from,  say.  170  to  340  ft.  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (f),  Fig.  4.  The  K-bracing  in  (h)  or  fj)  is  more  economical 
of  material  and  gives  smaller  secondar>'  stresses  than  the  subdivided  bracing  in  (g)  and  (i).  and 
is  rapidly  replacing  both  forms  of  bracing  shown. 

The  Bdltiruorc  truM,  (g)  Fig.  4.  is  a  Pratt  iniss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.  The  auxiliary  framework  may  have  struts 
»  *»  is)*  or  ^^  ^*  ifi  (>)i  Fig.  4.     The  Baltimore  truss  with  inclined  upper  chords,  (i)  Fig.  4.  is 
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called  a  Petit  truss.  Baltimore  and  Petit  trusses  are  statically  determinate  for  all  conditions 
of  loading;  are  economical  in  construction  and  satisfactory  in  oervice,  and  have  almost  entirely 
replaced  the  Whipple  truths  for  long  span  bridges. 

The  types  of  simple  bridge  trusses  described  above  are  those  that  are  in  the  most  common 
use.  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 

Beams  and  Plate  Girders.— For  spans  of,  say,  30  ft.  and  under  rolled  beams  are  often  used  to 
carry  the  roadway,  while  for  spans  from  about  30  to  100  ft.  plate  girders  are  used  for  city  bridges. 
When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder  bridge, 
and  when  the  roarlway  passes  iKtween  the  girders,  the  bridge  ia  called  a  through  plate  girder 
bridge  as  in  Fig.  19. 


(^  5i¥/so  Bmose,  CENirji  BcJJum 


(b}5i¥rHe  &ff{D6£^  TuRNTABie  BsAium 


Fig.  5.    Swing  Bridges. 


Swing  Bridges. — ^Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn  on  a 
center  pivot  as  in  (a),  or  on  a  turntable  supported  on  a  drum  as  in  (b),  Fig.  5.  The  center  pivot 
swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing  bridge 
has  three  spans  ordinarily  continuous  over  the  middle  supports. 

Steel  Arches. — Steel  arch  bridges  are  made  (i)  with  three  hinges,  (2)  with  two  hinges,  and 
(3)  without  hinges,  and  may  have  solid  webs,  or  spandr^-l  or  open  webs. 

Cantilever  Bridges. — A  cantilever  bridge  consists  of  two  anchor  spans,  which  support  a 
suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  piers 
and  are  supported  on  the  river  piers. 

Suspension  Bridges. — In  a  suspension  bridge  the  roadway  is  supported  by  hangers  attached 
to  the  main  cables.  Stiffening  tniwes  arc  placed  alwve  the  plane  of  the  roadway  to  assist  in 
distnbuting  the  live  loads  and  for  the  purpose  of  increasing  the  rigtdily  of  the  structure. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  l>o  considered  in  this  book. 

TYPES  OF  STRUCTURE.— The  types  of  structure  for  steel  highway  bridges  as  recommended 
by  the  author  are  given  in  section  3,  "'  General  Specifications  for  Steel  Highway  Bridges,"  printed 
in  the  last  part  of  this  chapter. 
The  following  data  will  show  present  standard  practice. 

Illinois  Highway  Commission- — The  types  of  highway  bridge  recommended  by  the  commis- 
sion are  as  follows: 

Concrete  Bridges. — For  culverts  requiring  a  waterway  of  12  square  feet  or  less,  plain  or  rein- 
forced concrete  arch  culverts  or  square  culverts,  reinforced  concrete  pipes  or  double  strength  cast- 
iron  pipe. 

For  cul\'crts  having  an  area  of  more  than  12  square  feet,  and  for  bridges  having  a  span  up  lo 
30  ft.,  reinforced  concrete  slabs,  plain  or  reinforced  concrete  arches. 

For  spans  of  30  ft.  to  65  ft.,  reinforced  concrete  through  or  deck  girders,  plain  or  nHnforccd 
concrete  arches. 

For  spans  greater  than  65  ft.,  plain  or  reinforced  concrete  arches. 

Siul  Bridges. — For  spans  of  \2  ft.  to  45  ft.,  sltel  i-beams;  for  spans  of  30  ft.  to  100  ft.,  plate 
girders  or  riveted  pf>ny  trusaes;  for  spans  01^  ft.  to  160  ft.,  rivetctl  trus-scs  with  parallel  chords; 
for  spans  of  160  ft.  and  more,  riveted  or  pin-connected  trusses  with  parallel  or  inclined  upper  chords. 

Iowa  Highway  Commission. — The  types  of  highway  bridges  recommended  by  the  commission 
are  as  follows: 

Concrete  Bridges. — Box  culverts  for  spans  up  to  16  ft.;  slab  britlges  for  spans  from  14  ft.  to 
25  ft.;  arch  culverts  and  bridges  for  spans  of  6  ft.  and  over;  girder  bridges  for  spans  of  from  24  ft. 
to  40  ft. 

Steel  Bridges. — Steel  I-beams  up  to  32  ft.  span;  plate  girders,  20  ft.  to  80  ft.  span;  low  truss 
30  ft.  to  too  ft.  span;high  truss  too  It.  span  and  over,  riveted  up  to  140  ft.  span. 
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^^F  MiMirlimetta  Public  Service  Commission. — The  types  of  highway  bridge  rccommendeci  by 
r     the  commission  arc  as  follows: 

y  Sie^  Bnd%c5. — Kor  spans  up  to  20  ft.,  woo«lcn  stringers  or  rolled  beams;  for  spans  from  70  ft, 

R  10  10  ft.,  rolled  beams  or  pUte  girders;  for  s[)ans  from  40  ft.  to  70  ft.,  (^ate  girders;  for  spans  from 
I  70  It.  to  loo  ft.,  plate  girders  or  riv'eteti  trus&es;  for  spans  from  loo  ft.  to  125  ft.,  riveted  trusses;  for 
'      spans  from  1^5  ft.  up,  rivcteij  or  pin  trusses. 

Wisconsin  Highway  Commission. — The  types  of  highway  bridge  recommended  by  the  com- 
mivion  are  as  follows: 

CmcreU  Bridges. — Spans  of  \\  ft.  to  10  ft.,  slab  culverts  and  bridges;  spans  lu  ft.  to  18  ft., 
slab  bridges;  spans  10  ft.  to  40  ft.,  through  girders. 

Skd  Bridies, — Spans  10  ft.  to  38  ft.,  rolled  beams;  spans  35  ft.  to  80  ft.,  Warren  riveted  low 
tmatcs  or  plate  girders;  spans  80  ft.  to  135  ft.,  Pratt  riveted  high  trusses:  spans  o^-er  135  ft.,  riveted 
high  trusses  with  curved  chords, 

WIDTH  OF  ROADWAY.— The  following  data  will  show  standard  practice. 

niinois  Highway  Commission. — The  widths  of  roadways  arc  specified  for  State  Aid  Routes, 
Print  i(ia!I>  Travdud  Roads,  and  Secondary  Koads. 

On  Drsignat^d  Slate  Aid  Routes. — Bridges  up  to  and  including  10  ft.  span,  20  to  30  ft.  roadway; 
bridges  over  10  ft.  up  to  and  including  60  ft.  span,  18  to  24  ft.  roadway;  bridges  over  60  ft.  span, 
t6  (o  20  ft.  roadway. 

CM  principally  TraveJai  Roiids. — Bridges  and  culverts  10  ft.  or  less  in  span,  20  to  30  ft.  roiid- 
wny:  bridges  over  10  ft.  and  up  to  and  including  60  Ft.  span,  16  to  20  ft.  roadway;  bridges  over  60 
fc  span,  16  to  18  ft.  roadway. 

On  Secondary  Roads. — Bridgesand  culverts  10  ft.  or  less  in  span,  181024 ft.  roadway;  bridges 
over  10  ft.  span,  16  ft.  roadway. 

Culverts  Under  Fills.— TUc  length  of  the  barrel  of  the  culvert  shall  ba^•e  a  length  that  will 
permit  of  side  slopes  of  I  \  horizontal  to  i  x-ertical,  and  a  top  width  of  20  to  30  ft.  on  State  Aid 
Koutcs,  20  to  30  ft.  on  Principally  Traveled  Roads,  and  16  to  24  ft.  on  Secondary  Roads. 

Iowa  Highway  Commission. — The  widths  of  roadway  for  highway  bridges  as  rccommencdd 
by  the  commission  arc  as  follows: 

Concrete  Bridges. — For  box  or  arch  culverts  with  spans  of  2  ft.  to  16  ft.,  24  ft.  roadway  for 
county  roods,  and  20  ft.  for  to«7iship  roads;  for  slab  bridges  with  spans  over  16  ft.  span,  20  ft. 
roadway  for  county  roads,  and  18  ft.  for  township  roads;  for  girder  bridges  ox-er  16  ft.  span,  20  ft. 
roadway:  for  arches  over  i6  f(.  span,  24  ft.  roadway  for  county  roads,  and  20  ft.  for  township  roads. 
The  sIo|xrs  on  Blls  shall  be  i  ^  horizontal  to  t  vertical. 

Steel  Bridges. — A  roadway  of  20  ft.  on  countv  roads,  for  all  spans,  and  18  ft.  on  township 
for  all  s|>ans.     The  minimum  legal  width  of  roadway  is  16  ft. 

Association  of  State  Highway  Deoartmeats. — The  following  minimum  widths  of  conci 
bridges  are  recommended. 

For  First  Class  Roads. — Cuhrrts  under  12  ft.  span,  24  ft.  roadway:  slab  bridges  over 
span.  30  ft.  roadway;  all  other  spans  20  ft.  roadway. 

For  Second  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft 


•oads. 

roa<ka 

icrettH 


•pan.  18  ft.  roadway;  all  other  spans,  iR  ft.  roadway. 

For  Third  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway:  slab  bridges  over  12  ft. 
•pan,  18  ft.  roadway;  longer  bridges,  16  ft.  roadway. 

The  above  widths  of  concrete  bridges  ha\x  been  adopted  by  the  Wisconsin  Highway  ConH^H 

mission.  ^B 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (1)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads. 

The  dead  load  consists  of  the  weight  of  the  structure  and  is  always  carried  by  the  bridge;  the 
bve  load  consists  of  the  moving  load  which  the  bridge  is  built  to  carry,  while  the  miscellaneous 
loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads  arc  given  in  the  "  SpedBcations  for 
Steel  Highway  Bridges  "  in  the  last  part  of  this  chapter.  VM 

WEIGHTS  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (O  the  weight  of  the  steel 
in  the  steel  framewf)rk,  consisting  of  the  vertical  trusses,  the  upper  and  lower  lateral  systems,  the 
6oorbram».  the  petals  and  sway  bracing;  (2)  the  weight  of  the  joists  and  the  fence;  and  (3) 
weight  of  the  floor  covering. 
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WEIGHTS  OF  STEEL  HIGHWAY  BRIDGES.— The  Mkmitxg  data  aof  be  mtd  ia  aicn- 
UtinsjC  th«:  'ka/i  loo^s  in  th«t  4t:^^n  of  highway  bn^gcs  or  as  a  basis  for  prHiimBary  fignnarr», 

AMESJCAll  BftlPGE  COMPA9T.— Standard  Sted  Higliwaj  Bridces  wUk  Timber  Roar. 

Timl^T  f1'x>r,  3-in.  pUnk  on  roa/ivay  and  2-:n.  plank  on  footwaiks.  Live  kxub  for  floor  and  iti 
•*s$rf^jri^,  u^t\h.  per  vj.  ft.  of  ^mx  \-stihiyz,  or^trmson  tvoaxks  10  ft.  centers  and  5  ft.  S3SC,ora 
15-Ujn  r'ft'i  roller.  For  trj««  K»  \h.  f^^r  vi-  ft.  of  rjcadway  up  to  a  span  of  75  ft.,  75  lb.  per  sq.  ft. 
of  roa/lway  U/r  %fjan4  of  i<^  ft.  an'i  fjvtr,  and  f^rofxirtionai  for  intermediate  spans.  NoallovaDce 
U  ma'le  f'/r  impart.  f>::4i;r.ed  for  allowaUe  stresses  given  in  specifications  in  the  latter  partofdui 
cfiaptcr.  I>et  W  "•  weight  of  the  structural  steel  per  linea!  foot  of  span;  L  =  length  of  span  in  feet, 
h  -  width  tA  roa^Iway  in  feet  'without  sidewalks;. 

1.  Steel  Tbroncb  Plate  Girders.— Through  plate  girder  spans  36  ft.  to  70  ft.,  roadway  ao  ft 
wi/Ie,  without  si'lewalkA,  but  including  stringers.  The  weight  of  structural  steel  per  lineal  foot 
iA  s|jan  is 

W  ^y^^^AL.  (l) 

PVir  si'lewalks  with  steel  joists  a/Id  aVjut  12  lb.  per  sq.  ft.  of  sidewalks. 

2.  Steel  Low  Sireted  Truss  Spans,  widi  Timber  Floor. — For  low  triiss  spans  36  ft.  to  102  ft, 
with  timUrr  flffm,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight 
of  the  stringers  and  the  railing,  i*i  given  approximately  by  the  formula  for  a  16-ft.  roadway 

If  -  100  +  2.0Z..  (2) 

and  for  a  2'>-ft.  roadway 

W  -  150  +  1.7  J:.  (3) 

3.  Steel  Low  Rireted  Truss  Spans,  with  Reinforced  Concrete  Floors. — Fot  low  truss  spans 
36  ft.  to  102  ft.,  with  reinforced  concrete  floors,  5  in.  thick  with  6  in.  of  gravel  at  center  and  3  in. 
of  gravel  at  curb,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of 
the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  16'ft.  roadway 

H^  =■  '50  +  35^-  (4) 

and  for  a  20-ft.  roadway 

W'  -  185  +  35/-.  (5> 

4.  Steel  High  Truss  Spans,  with  Timber  Floor.— For  high  truss  spans  104  to  204  ft.,  with 
timU-r  flfKirs  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of  the 
stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  16-ft.  roadway 

W  =  250+  1.5L.  (6) 

and  for  a  20-ft.  roa<lway 

W  »  285  +  1.2L.  (7) 

IOWA  HIGHWAY  COMMISSION.— Steel  Highway  Bridges  with  Reinforced  Concrete 
Floor. — Reinforced  concrete  fl(x>r  slabs  6  in.  thick  for  all  spans  in  which  stringers  are  used.  Slabs 
for  stringerleHH  flfMirs  7}  in.  thick  for  S-ft.  Sfxin,  8  in.  thick  for  <)-h.  span,  and  8)  in.  thick  for  lo-ft. 
sfKiti.  I.ivf  lojids  for  the  fltwr  and  its  supixjrta  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  and  a  15-ton 
traction  engine  with  iwo-thirds  of  the  load  on  the  rear  axle:  axles  spaced  ti  ft.  centers,  and  rear 
wheels  H|}it(-ofl  6  ft.  renters.  Roar  whcKrls  22  in.  wide.  The  trusses  arc  to  be  designed  for  the 
uniform  hnuh  given  in  Tabic  I.     No  allowance  is  made  for  impact. 

Let  W  =  weight  of  structural  steel  in  lb.  per  lineal  foot  of  span;  L  —  length  of  span  in  feet; 
h  ^  widlh  of  Hjian  in  feet  (without  sidewalks). 

I.  Steel  Beam  Spans. — The  weight  of  steel  beam  spans  from  16  ft.  to  32  ft.  and  with  16-ft., 
iH-fl.,  and  20-ft.  roadway  are  given  in  Table  IX. 
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a.  Steel  Low  Truss  Spans,  with  Stringers. — For  low  truss  highway  bridges  with  spans  of 
35  ft.  to  8,s  ft.,  not  incUaltn^  the  weight  of  the  fence  or  the  steel  stringers,  the  weight  of  structural 
MBed  per  lineal  foot  of  s|^Kin  for  a  l6-ft.  roaOway  is 

^V  '  3^5 -{- 3.^5  L.  (8) 

and  for  an  ]8-ft.  roadway  is 

W  »  240  +  3.40  L.  (9) 

3.  Steel  Low  Tmss  Spans,  without  Stringers. — For  low  truss  higliway  bridges  with  spans  of 
35  ft.  to  100  ft.,  not  including  the  weight  of  the  fence  or  steel  floorbeamn,  the  weight  of  the  struc- 
tural steel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

W  -  200  -i-  4L.  (io> 

and  for  an  l9-ft.  roadway  is 

I*' -225  + 4-25 i..  (") 

4.  Steel  High  Truss  Spans,  with  Stringers. — For  high  through  Cru&s  highway  bridges  with 
apansof  frxmi  90  ft.  to  150  ft.,  not  including  (he  weight  of  fence  or  the  steel  stringers,  the  weight  of 
structural  steel  per  lineal  foot  of  sjKin  for  a  i6-ft.  roadway  is 

W  =  345  -*-  2.45L.  (la) 

and  for  an  l8-ft.  roadway  is 

W  ^  270  +  2.7/..  (13) 

WISCONSIN  HIGHWAY  COMMISSION.  Steel  highway  bridges  with  reinforced  con- 
crete floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans.  Live  loads  for  the  fluorand 
its  supports  a  15-ton  road  roller  with  two-thirds  of  the  load  on  the  rear  axle,  axles  10  ft.  centers, 
rear  rolls  4  ft.  10  in.  centers,  rear  rolls  20  in.  wide.  The  trusses  designed  for  the  loads  given  in 
Table  I.  No  allowance  is  made  for  impact.  Let  W  =  weight  of  structural  steel  in  lb.  per  lineal 
foot  of  span,  L  =  length  of  sjian  in  feet;  6  =  width  of  roadway  in  feet  (without  sidewalks). 

I.  Steel  Beam  Spans. ^Weight  of  steel  beam  spans  from  10  ft.  to  38  ft.  and  for  i6-ft.,  iMt. 
and  ao-ft.  roadway  an*  givi-n  in  Table  X. 

3.  Steel  Through  Plate  Girders. — The  weight  of  the  structural  steel  in  through  plate  girder 
hig;hway  bridges  from  35  ft.  span  to  Ho  ft.  span  including  floorbeams  spaced  3  to  2J  ft.  apart,  is 
given  approximately  by  the  following  formula.     For  a  l6-ft.  roadway 

W  =  ioo-^3L.  (14) 

For  an  18-ft.  roadway 

W  =  iOQ -h  3-351-  (15) 

and  (or  a  20-h.  road«-ay 

H^  -  320  -f  4^.  (16) 

3.  Steel  Low  Truss  Spans,  with  Stringers. — The  weight  of  the  structural  steel  in  low  truss 
«rcl  highway  bridKe*  with  s|>ans  of  35  ft.  to  85  ft.  span,  not  including  the  weight  of  the  fence  or 
the  steel  stringers,  is  given  approximately  by  the  formula.     For  a  i6-ft.  roadway 

>t'-8o  +  3.5/^.  (17) 

and  for  an  iS-ft.  roadway 

Jf  -  80  +  4-^.  {18) 

4.  Steel  High  Truss  Spans,  with  Stringers.— For  high  through  truss  steel  highway  bridges 
with  spans  of  from  90  ft.  to  lyt  ft.,  not  including  the  weight  of  the  fence  or  the  steel  joists,  the 
weight  of  structural  steel  per  lineal  foot  of  span  is  given  approximately  by  the  formula.  For  a 
|6-It.  rtsodway 

ir  -  i8o  +  iZ.  .  (19) 

for  an  18-ft.  roadway 
^  W^- 240 +  21..  (ao) 
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fLUHOIS  HIGHWAY  C0MMI8SI01I.  Sted  Itjfbwiqr  bcidges  with  nniforced  coocreti 
floor* — Reinforced  concrete  Boor  tUb*  4  in.  thick  with  a  wearing  siuiace  assumed  to  weigh  noi 
less  than  yj  lb.  per  tq.  ft.  Live  load  for  floor  and  iu  supports  a  i5*ton  traction  engine,  supportetj 
on  two  axles  spaced  lo  ft.  apart,  with  two  thirds  of  the  load  on  the  rear  axle;  or  a  uniform  live  loacj 
of  125  lb.  per  sq.  ft.  The  trusses  dewgned  for  the  loads  given  in  Table  I.  No  allowance  is  made 
for  impact. 

Let  H^  -  weight  of  steel  in  lb.  per  lineal  foot  of  span,  L  -  span  of  bridge  in  feet,  h  =  width  <A 
roadway  in  feet  (without  sidewalks). 

I,  StMl  Low  TroM  Spaas,  witb  Stringers.— The  weight  of  the  structural  steel  in  k)w  truss 
steel  highway  bridges  with  spans  of  50  ft.  to  85  ft.,  not  including  weif^t  of  the  fence  or  the  sted 
stringers,  is  given  approximately  by  the  formula.    ¥<x  a  i6-ft.  roadway,  6  «  16  ft. 

H^-235  +  2.35i.  (21) 

and  for  an  i8'ft.  roadway,  fr  -  18  ft. 

W^  240  +  2.4Z,.  (22) 

t.  Stool  High  Truss  Spans,  with  Stringers. — The  weight  of  structural  steel  in  hi^  truss  steel 
highway  bridges  with  spans  of  90  ft.  to  160  ft.,  not  including  the  weight  of  fence  or  the  steel  string- 
ers, is  given  approximately  by  the  formula.    For  a  i6-ft.  span,  fr  »  16  ft. 


and  for  an  18-ft.  span,  6-18  ft. 


IK  -  140  +  4/-.  (23) 

H'  -  180  +  45^-  (24) 


The  weights  given  by  formulas  (21)  to  (24)  are  for  bridges  with  concrete  floors  weighing 
100  lb.  per  sq.  ft.  Calculations  by  Mr.  Clifford  Older,  Bridge  Engineer,  Illinois  Highway  Com- 
miMton,  show  that  a  variation  of  the  weight  of  the  floor  of  10  lb.  per  sq.  ft.  makes  a  similar  variation 
in  the  Wright  of  the  structural  steel,  including  the  joists,  of  4.35  per  cent  for  a  50-ft.  span,  of  3.75 
per  cent  for  a  i6o-ft.  span,  and  proportional  for  intermediate  spans.  For  the  structural  steel,  not 
including  the  joists,  an  average  value  of  4  per  cent  may  be  used  for  each  decrease  of  10  lb.  per  sq. 
ft.  of  floor  surface. 

BOSTON  BRIDGE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
dcsignctl  by  the  Hunton  Bridge  Works  are  as  follows: 

Through  truM  highway  bridges  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
for  the  truMicH,  100  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor  The  weight,  w,  of  steel  in  lb. 
per  tq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  L/9.5  (25) 

The  weight  of  through  trusH  highway  bridges  with  two  sidewalks  is 

w  -  2.8  +  X/n.3  (26) 

The  sidewalks  were  5  or  6  ft.  wide,  and  the  clear  roadways  were  16  to  30  ft.  The  total  area 
covered  by  the  roadway  and  sidewalk  floors  19  to  be  used  in  calculating  the  weight  of  steel. 

Wallets  of  Steel  Highway  Plate  Girder  Bridges.— The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows. 
,        Deck  plate  ginlcr  highway  bridges  without  sidewalks  designed  for  a  live  load  of  xoo  lb.  per 
sq.  ft.  for  girders,  loo  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.    The  weight,  to,  of  steel  in 
lb.  per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joist  or  fence,  for  a  span  of  L  ft.,  is 

w  -  2.5  +  Z./3.4  (27) 

*  Published  by  [x^rmiKsion  of  John  C.  Moses,  Chief  Engineer. 
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The  weight  of  deck  plate  girder  highway  bridges  with  aidewatkfl  is 

t»  «  2.5  +  i./4-4 
The  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is 

w  «=  3  +  /./4.25 
The  weight  of  through  plate  girder  highway  bridges  with  sidewalks  is 

tif  -  3.3  +  L/5.6 


(38) 
(a9) 
(30) 


Weight  of  Electric  Railway  Bridges. — The  Boston  Bridge  Works  gives  the  following  formula 
for  the  weight  of  ek'ctric  railway  briilgi'^.  where  W  »  total  weight  of  steel  in  lb.  ptr  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 

Beam  bridges 

W^So  +  SL  (30 

Light  truss  bridges 

W  ^  J00  +  0.8L  (3a) 

Heavy  truss  bridges 

ir-35o  +  i.5t  (33) 

The  beam  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 
15-ton  cars  or  i.5(X}  lb.  per  lineal  fiK>t  uf  bridge,  and  the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  2.000  lb.  per  lineal  foot  of  bridge. 

LIVE  LOADS. — The  live  loads  for  highway  bridges  are  usually  assumed  to  consist  of  a  uni- 
form livT  load  for  the  trusses  and  a  uniform  live  load  or  a  concentrated  moving  load  for  the  floor 
and  its  supports.  A  few  highway  bridge  specifications  require  that  trusses  be  designed  for  a  con- 
centrated mox-ing  loail  as  well  as  for  a  uniform  live  load,  and  also  that  the  floor  and  its  supports  be 
designed  for  a  concentrated  moving  load  and  that  the  portion  of  the  Hoar  of  the  bridge  not  covered 
by  the  concentrated  load  be  covered  with  a  uniform  live  load,  tti  culculatini;  the  stresses  in  the 
truss  members  the  uniform  li\T  load  is  commonly  assumed  as  applied  in  full  joint  loads  at  joints 
on  the  loaded  chord.  .Moving  loads  and  loads  suddenly  applied  priKlucc  stresses  that  are  greater 
than  the  static  stresses  due  to  stationary  loads  or  to  loads  gradually  applied.  This  increase  in 
■tress  due  to  moving  loads  or  due  to  loads  suddenly  applied  is  called  impact  stress. 

IMPACT. — The  effect  of  impact  or  increase  in  li\-e  load  stresses  over  the  stresses  due  to  the 
sanie  loads  gradually  applied,  is  very  much  less  for  highway  bridges  than  for  railway  bridges. 
Experiments  made  by  Professor  F.  O.  Dufour  and  recorded  in  Journal  of  Western  Society  of  Engi- 
neers, June,  1913,  show  tliat  the  effect  of  im^iact  on  steel  truss  highway  bridges  with  concrete  floors 
is  very  small.  The  effect  of  im)>act  on  steel  truss  bridges  with  plank  floors  is  considerably  larger 
than  for  bridges  with  concrete  floors.  The  maximum  impact  percentages  do  not  occur  with  maxi- 
mum static  stresses.  Experiments  marie  at  the  University  of  Colorado  under  the  author's  direction 
show  that  the  effect  of  impact  on  highway  bridges  is  very  much  less  than  for  railway  bridges. 

The  specifications  of  the  highway  commissions  of  Illinois,  towa,  Michigan,  Nebraska  and 
Wisconsin  do  not  add  impart  for  highway  bridges. 

The  allowano*  for  impact  of  the  Nlassachusetts  Railway  Commission  is  as  follows:  For 
stringers,  Hoorbeams  and  lungers,  when  loaded  with  a  20-ton  auto  truck,  50  per  cent;  for  all  other 
Ifiads.  Hiiorbcams  and  stringers,  25  per  cent ;  flourbeam  hangers,  40  per  cent ;  counters,  40  per  cent; 
fur  all  uther  mcmlirrs  in  trusses,  and  for  main  girders  the  percentage  shall  l>e  26]  minus  one- 
twelfth  the  loaded  length  in  feet,  with  a  maximum  fif  25  and  a  minimum  of  10  percent. 

Mr.  J.  A.  L.  Waddcll  in  "Bridge  Engineering"  specifies  that  highway  bridges  shall  be  designed 
for  the  impact  allowance,  /  =  loo/(nL  4-  200),  where  L  is  the  loaded  length  of  the  bridge  in  feet 
that  produces  nuximum  stress  and  n  is  the  total  clear  width  of  the  roadway  and  footwalks  divided 
by  twenty.  The  above  impact  allowance  is  made  for  motor-truck  loadings  but  not  for  road-roller 
loadingB. 
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The  specifications  for  steel  bridges  prepared  by  the  U.  S.  Office  of  Public  Roads,  and  tlw 

Stccifications  for  steel  bridges  of  the  West  Virginia  Highway  Commission  and  the  Oregon  Highway 
oinmission  specify  the  impact  factor,  /  =  ioo/{L  +  300),  where  L  is  the  loaded  length  of  the 
bridge  in  feet  that  produces  maximum  stress  in  the  member. 

The  Montana  Highway  Commission  specifies  25  per  cent  impact. 

The  Department  of  Public  Roads  of  Kentucky  requires  no  impact  allowance  for  bridges  with 
concrete  floors,  and  35  percent  forbridgi-s  with  wooden  floors. 

The  Utah  Highway  Commission  specifies  25  per  cent  impact  for  floors,  and  15  per  cent  for 
trusses. 

For  concrete  highway  bridges  the  impact  allowance  \'nries  from  no  impact  allowance,  as 
specifietl  by  the  highway  commissions  of  lltinois,  Iowa,  Michigan,  Nebraska  and  Wisconsiin;  an 
allowance  of  15  per  cent  of  the  U>'e  load,  as  sixrcified  by  the  highway  commission  of  West  Virginia, 
to  an  allowance  of  50  per  cent  of  the  Vive  load,  as  specified  by  the  U.  S.  Office  of  Public  Roads. 
Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  uses  an  impact  al- 
lowance of  /  =  i5o/(Z.  +  300),  where  L  is  the  loaded  length  of  the  bridge  in  feet  that  produces 
maximum  stress. 

Ketchum*s  Specifications  for  Impact. — The  author  has  adopted  the  following  impact  factors 
for  concrete  bridges  and  steel  bridges. 

(a)  For  concrete  arches  with  spandrel  filling  on  culverts  with  a  minimum  filling  of  one  foot, 
no  allowance  for  impact. 

(b)  For  concrete  slab  and  girder  bridges  and  trestles,  and  arches  without  sfjandrcl  filling,  30 
per  cent  for  impact. 

(c)  For  steel  bridges  the  following  allowance  for  impact.  For  the  floor  and  its  supports  in- 
cluding floor  slabs,  floor  joist,  floorbeams  and  hangers,  30  per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  ^  ioo/(L  -f-  300),  where  L  -  length  of  span  for  simple  highway  spans  (lor  trestle  bents,  towers, 
mox'able  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carn-ing  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

CONCENTRATED  LIVE  LOADS.— Traction  engines  weighing  20  tons  are  quite  common  in 
the  west  and  northwest.  The  heaviest  motor  truck  in  common  use  has  a  capacity  of  7}  tons  and 
a  total  weight  of  13  tons,  with  nearly  10  tons  on  the  rear  axle.  With  an  overload  of  50  per  cent, 
which  is  not  unusual,  this  truck  would  carry  14  tons  on  the  rear  axle.  The  maximum  road  roller 
weighs  20  tons. 

Thr  highway  commissions  of  the  difTerent  states  have  adopted  concentrated  live  loads  as  fol- 
lows: Illinois  specifics  a  15-ton  traction  engine;  Iowa  specifies  a  15-ton  traction  engine  for  bridges 
with  reinforced  concrete  llot>rs;  Wisconsin  specifics  a  15-ton  road  roller;  Michigan  specifies  an  1 8-ton 
road  roller;  Nebraska  specifies  a  20-ton  traction  engine;  Minnesota  specifies  a  20-ton  traction 
engine;  New  York  specifies  a  15-ton  road  roller;  all  loadings  to  be  used  without  impact. 

Utah  specifies  an  18-ton  road  roller  with  25  per  cent  impact;  Oregon  specifics  a  [5-ton  road 
roller  for  medium  traffic  and  a  20-ton  road  roller  for  heav>'  traffic;  Ohio  specifics  a  15-ton  concen- 
trated load  with  16]  per  cent  impact;  Montana  specifies  a  20-ton  traction  engine  with  25  per  cent 
impact:  the  Massachusetts  Railway  Commission  specifies  a  20-ton  motor  truck  with  Id  tons  on  the 
rear  axle,  with  an  allowance  of  50  per  cent  for  impact  on  the  floor  and  its  supports:  Mr.  J,  A.  L. 
Waddell  in  "Bridge  Engineering"  specifies  for  class  A  bridges  an  l8-ton  motor  truck  with  impact 
allowance  as  gi\Tn  abo\'e. 

For  additional  data  see  article  entitled  "Concentrated  Live  Loads  fur  Highway  Bridges," 
by  Milo  S.  Ketchum,  printed  in  University  of  Colorado  Journal  of  Engineering,  October,  igi6. 

Ketchum's  Specifications  for  Concentrated  Moving  Loads.— The  author  has  adopted  (he 
following  specifications  for  moving  concentrated  loads. 

(a)  That  highway  bridges  on  main  roads  or  near  towns  or  cities  shall  be  designed  to  carry 
a  20-ton  motortruck  with  axles  spaced  12  ft.  and  wheels  with  a  6ft.  gage,  with  14  tons  on  rear  axle 
and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and  32  ft.  long.  The  rear  wheels 
to  have  a  width  in  indices  equal  to  the  total  In^id  in  tons  (20  in.  for  a  20-ton  truck). 

(b)  That  bridges  not  on  main  roads  shall  l>e  designed  for  a  15-ton  motor  truck  with  axles 
spaced  10  ft.  and  wheels  with  a  6-ft.  gage,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with 
10  tons  on  rear  axle  and  5  tons  on  front  axle,  and  with  rear  wheels  15  in.  wide. 

(c)  To  pro\Hde  for  impact  and  vibration  and  unevcnness  of  road  surface  thirty  (30)  per  cent 
is  to  be  add»l  to  the  maximum  live  load  stresses.  Only  one  motor  truck  is  to  be  assumed  to  be  on 
a  bridge  at  one  time. 
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Motor  trucks  have  narrower  tires  and  arc  driven  at  greater  speeds  than  traction  engines,  and 
thef«£ore  not  only  produce  ereAter  static  stresses  in  the  rioor,  but  should  have  a  greater  impact 
allowance.  In  \'icw  of  the  above«  it  would  not  appear  to  be  necessary  to  consider  any  road  rollers 
or  traction  engines  now  in  use  in  addition  to  the  above  motor-truck  loadings. 

DISTRIBUTION  OF  CONCENTRATED  LOADS.— In  designing  floor  slabs,  floor  stringers 

and  Hoorbeams  it  is  necessary  to  know  ihu  distribution  of  the  concentrated  loads. 

Concrete  Floor  Slabs. — Tests  of  the  distribution  of  concentrated  toads  on  concrete  floor  slabs 
have  been  matle  liy  the  Ohio  Highway  Commission,  the  results  of  which  are  given  in  Bulletin  No. 
38|  published  by  the  Commission;  by  Mr.  VV.  A.  Slater  at  the  University  of  Illinois  and  described 
in  Proceedings  of  American  Society  for  Testing  Materials,  Vol.  XIII.  1913.  and  by  A.  T.  f»oldbeck 
and  E.  B.  Smith,  described  in  Journal  of  Agricultural  Research,  Vol.  VI,  No.  6,  Department  of 
Agriculture,  Washington,  D.  C,  Muy  8,  1916. 

Ohu)  Tests. — The  following  conclusions  drawn  from  the  Ohio  tests  are  of  interest: 

"The  percentage  of  reinforcement  has  little  or  no  efTcct  upon  the  distribution  to  the  joists,  so 
kmg  as  safe  loads  un  the  slabs  are  not  exceeded. 

"The  outside  joists  should  be  designed  for  the  same  total  live  load  as  the  intermediate  joists. 

"The  axle  loatl  of  a  truck  may  bo  considered  asdistribute<l  over  12  ft.  in  width  of  roadwav. 

"The  safe  value  for' effect  ix-e  width  'of  a  slab,  where  the  total  width  of  sbb  is  greater  than 
'■33  L  -\-  ^  U.  is  given  by  the  formula,  e  =  O.UL  +  1.7  ft.,  where  e  ^  effective  width  (width  over 
which  a  single  coneontrated  loiid  nmy  he  considered  as  uniformly  distributed  on  a  line  down  the 
middle  of  the  slab  parallel  to  the  supfjorts)  and  L  =  srxin  in  feet.  ' 

Slater  Tests. — It  was  recommended  that  where  tne  total  width  of  slab  is  greater  than  twice 
the  4pan.  the  effective  width  be  taken  as  tf  =  4JC/3  +  d,  where  x  is  the  distance  from  the  concen- 
trated load  to  the  nearest  support,  and  d  is  the  width  at  right  angles  to  the  support  uver  which  tlie 
toad  is  applied.  While  the  depth  of  slal»  and  the  amount  of  lonKitudinal  reinforcement  had  little 
effect  on  the  distribution,  it  was  recommended  that  the  latter  be  limited  to  !  jx?r<ent. 

Coidhetk  and  Smith  Tests. — Tests  were  nude  on  three  slabs,  each  slab  being  32  ft.  witlc,  16  fl. 
span,  and  with  effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  resperrively.  All  slabs  were  made  of 
I-j-iPortland  cement  concrete,  and  were  reinforced  with  0.75  percent  of  mild  steel. 

The  following  conclusions  were  drawn  from  these  tests: 

(1)  The  effective  width  tlecreases  as  the  effective  depth  increases;  the  effective  width  for  safe 
loads  being  75.7  percent;  St.i  percent,  and  109.3  percent  of  the  span,  for  the  sLtbs  having  effective 
depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively. 

(2)  For  slabs  in  which  the  ratio  of  the  width  of  the  slab  is  not  less  than  twice  the  span  length, 
the  effecti\*c  width  may  be  taken  as 

e^o.yL  (34) 

where  e  is  the  effective  width  and  L  is  the  span  length. 

(Additional  tests  by  rnjldbeck,  Proceedings  American  Concrete  Institute,  1917,  show  that 
Cormula  (34)  may  be  used  when  the  width  of  the  slab  is  not  less  than  the  span.) 

Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that  con- 
centrate<l  loads  on  reinforced  concrete  slabs  may  be  assume<I  as  distributed  over  a  distance  of  4  ft. 
at  right  angles  to  the  supports,  and  a  distance  parallel  to  the  supports  equal  to  2  ft.  plus  three- 
tenths  of  the  span  of  the  slab. 

The  State  Highway  Department  of  Ohio  uses  the  following  distribution  of  concentrated  loads 
on  floor  slalm. 

For  spans  less  than  6  ft.  the  percentage,  f>,  of  the  wheel  load  carried  by  one  foot  in  width  of 
•lab  for  a  span  in  feet.  /,  is  given  by  the  formula 


^  =  42  -4/ 


(35) 


while  for  spans  greater  than  6  ft.  the  percentage,  p' 
of  slab  for  a  sp;iii  in  feet,  /,  is  given  by  the  formula 


of  the  wheel  load  carried  by  one  foot  in  width 


p'  -  20  —  0.4/ 


(36) 


For  a  span  of  5J  ft.,  from  formula  (35),  ^  -  ao  per  cent,  and  the  concentrated  load  is  assumed 
slab  5  ft.  wide,  applied  on  a  hnc  parallel  to  the  .supports. 

16  per  cent,  and  thcconcentratedload  isassumed 


as  carried  by  a  slab  5  ft.  wide,  applied 

For  a  span  of  10  ft.,  from  formula  (36).  p' 
■s  carried  by  a  stab  6.67  ft.  witle,  applied  on  a  tine  parallel  to  the  supports. 
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Floor  Stringers  and  Floorbeams. — The  Illinois  Highway  Commission  spocifiM  that  longi- 
tudinal btrinK^rs  lie  spaced  not  more  than  jj-ft.  centers,  and  tliat  each  stringer  be  designed  for  20 
per  cent  of  the  rear  axle  load  concentrated  at  the  center  of  the  span  when  a  concrete  sub-flour  is 
used,  and  25  per  cent  of  the  rear  axle  load  when  a  plank  floor  is  u&ed.  Transverse  stringers  or 
flcwrbeams,  s|xicetl  not  mure  than  2j-ft.  centers,  shall  be  designed  to  carry  40  per  cent  of  the  rear 
axle  load  distributed  over  the  mirldle  10  ft.  of  the  stringer.  Floorbeams  sliall  be  designed  for 
maximtim  stresses  due  to  concentrated  load. 

The  Iowa  Highway  Commission  specifies  thai  one-lhird  of  a  wheel  load  be  assumed  as  carried 
by  one  joist,  when  a  concrete  floor  slab  is  used,  and  that  one-half  of  a  wheel  load  be  assumed  as 
carried  by  one  joist,  when  a  plank  floor  is  used. 

The  Massachusetts  Railway  Commission  specifies  that  the  wheel  load  on  plank  floors  be  dis- 
tributed over  a  width  in  feet  equal  to  the  thickness  of  the  floor  tn  inches,  with  a  maximum  distri- 
bution of  6  ft.      With  solid  floors  each  wheel  load  is  assumed  as  distributed  over  a  width  of  6  ft. 

Watson's  'Hieneral  Specifications  for  Concrete  Bridges,"  third  edition.  1916.  specifies  that 
the  part  of  the  concentrated  load  carrietl  by  one  stringer  shall  he  found  by  dividing  the  stringer 
spacing  by  the  gage  distance  of  the  concentrated  load.  With  a  gage  distance  of  6  ft.  this  gives 
one-third  the  total  kud  for  a  stringer  sfjacin^  of  2  ft.;  one-half  the  total  load  for  a  stringer  spac- 
ing of  3  ft.;  the  total  load  for  a  stringer  spacmg;  of  6  ft. 

Ketchtxm's  SpectBcations  for  Distribution  of  Concentrated  Loads. — From  a  study  of  the 
various  tests  and  specifications,  the  author  has  adopted  the  following  rules  for  calculating  the 
stresses  in  slabs,  stringers  and  floorbeams: 
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(a)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  longitudinal  girders  shall  be  calculated  by  the  formula, 


\{l^rc) 


(37) 


with  a  maximum  limit  of  6  ft.  for  r,  where  e  ^  efTective  width  (distance  that  the  load  may  be  «>n- 
sidered  as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports), 
/  =  span,  and  c  =  widih  of  lire  of  wheel,  all  distances  in  feet      See  Fig.  6. 

(A)  The  distribution  of  concentrated  wheel  loacia  for  l>cnding  moments  in  reinforced  concrete 
slabs  with  transverse  girders  shall  \^  calculated  by  the  formula 


e  =  2lli  -f  c 


(38) 


with  a  maxinium  limit  of  6  ft.  for  e^  where  e  =  efTective  width,  /  =  span»  and  c  -  width  of  tire  of 
wheel  as  defined  in  paragraph  (a).     See  Fig.  7. 

(c)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  bridge  is  not  less  than  the  width  of  bridge  center  to  center  of 
girders,  shall  be  calculated  for  spans  of  9  ft.  or  o\*er  by  the  formula 


with  a  maximum  limit  of  e 
graph  (a). 


t  -  a//3 
2  ft.,  where  t  =  efTective  width,  and  / 


(39) 

span  as  defined  in  para- 
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(rf)  The  effective  width  for  shear  in  beams  carrying  concentrated  loads  shall  be  taken  the  same 
aA  (or  bending  moment  as  calculated  by  formula  (37)  or  formula  (38),  with  a  minimum  effective 
width  of  3  It.  and  a  maximum  effective  width  of  6  ft. 

The  total  shear  for  an  effective  width  of  3  ft.  shall  be  considered  as  punching  (pure)  shear. 
The  total  shear  for  an  effective  width  of  4.5  ft.  and  over  shall  be  considered  as  beam  sheur  (a 
meaaure  of  diagonal  tension),  for  eTTtttivc  widths  lK:lwe<rn  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  bond  stress  and  as  a  measure  of  diagonal  tension. 

{e)  In  the  design  of  longitudinal  joists  or  stringers  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  stringer  for  spacings  6  ft.  or  less  will  be  taken  equal  to  the  stringer 
apacing  in  feet  divided  by  6  ft.;  with  plank  floors  the  fraction  of  the  concentrated  load  carried  by 
€>ne  stringer  for  spacings  4  ft.  or  less  will  be  taken  equal  to  the  stringer  spacing  in  feet  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  are  to  be  debigne<l  for 
the  eame  load  as  intermediate  stringers. 

(/)  In  the  design  of  transverse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  floorbeam  for  floorbvams  spaced  6  ft.  or  less,  will  be  taken  eoual 
10  the  floorbeam  spacing  divided  by  6  ft.  For  floorbeams  spaced  6  ft.  or  over  the  entire  reactions 
are  assumed  as  carried  by  one  floorbeam.  Axle  loads  are  assumed  as  distributed  on  a  line  12  ft. 
long. 

UNIPGRM  LIVE  LOADS  FOR  TRUSSES.— The  uniform  live  loads  for  trusses  of  steel  high- 
way bridges  as  specified  by  the  highway  commissions  of  Illinois,  Iowa  and  Wisconsin,  the  American 
Concrete  Institute,  igi6,  and  the  uniform  loads  as  specifieil  by  the  author  for  classes  D|  and  Df 
are  givrn  in  Table  I.  The  Di  and  D-i  loadings  are  to  be  taken  as  proportional  for  intermediate 
•pans,  and  are  to  be  increased  for  impact. 

It  will  be  seen  that  the  Di  loadings  with  impact  added  are  practically  the  same  as  the  Illinois 
kndings;  while  the  D3  loadings  with  impact  added  are  practically  the  same  as  the  Iowa  and  Wis- 
consin loadings. 

TABLE   L 
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UNIFORM  LIVE  LOADS  FOR  FLOORS.— Tlie  Illinois  Highway  Commission  specifies  that 
Btringi-r^and  floorbeams  for  spans  of  50  ft.  and  less  shall  be  designed  for  a  uniform  live  load  of  125 
lb.  prr  u\.  ft.,  and  of  spans  over  50  ft.  in  length  for  a  uniform  livx*  load  of  100  lb.  per  sq.  ft.,  or  a 
15-lon  conct-nlratcd  load  for  all  K(Ktns.     No  allowance  is  made  for  impact. 

The  Iowa  Highway  Commission  specifics  a  live  load  of  too  lb.  per  sq.  ft.  or  a  15-ton  traction 
engine  for  class  ".■X"  floors,  and  a  li\T  load  of  100  lb.  per  sq.  ft.,  or  a  lo-ton  traction  engine  for  class 
"  B"  t1oor«  (plank  floors).     No  allowance  is  made  for  impact. 

The  Wisconsin  Highway  Commission  specifies  that  floor  systems  and  spans  under  40  ft.  be 
for  a  i5*ton  road  roller.     No  allowance  is  made  for  impact. 
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The  Michigan  Highway  Commission  specifies  that  the  floor  and  its  supports  be  designed  for 
an  i8-ton  road  roller,  or  lOO  lb.  per  sq,  ft.      No  allowance  is  made  for  impact. 

The  floor  systems  for  Di  bridges  are  to  Iw  designed  for  1251b.  persq.  ft.  or  a  20-ton  auto  tnick; 
while  Di  bridges  are  to  be  designed  for  100  lb.  per  s<].  ft.  or  a  15-ton  auto  truck.  An  impact  factor 
of  30  per  cent  is  to  be  added  both  for  the  uniform  loads  and  for  the  auto  truck. 

WIND  LOADS  FOR  HZGHWAY  BRIDGES.— The  Illinois  Highway  Commission  specifies  a 
wind  load  of  25  lb.  per  sq.  ft.  on  the  vertical  projection  of  both  misses  and  the  floor  system,  but  in 
no  case  shall  the  wind  be  less  than  300  lb.  per  lineal  foot  on  the  loaded  chord  nor  less  than  150  lb. 
per  lineal  foot  on  the  unloaded  chard. 

The  Iowa  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord  and 
300  lb.  per  lineal  foot  on  loaded  chord,  all  loads  ronsidered  as  moHng  loads. 

The  Wisconsin  Highway  Commission  specifies  150  lb-  per  lineal  foot  on  the  unloaded  chord 
and  300  lb.  per  lineal  foot  on  the  loaded  chord;  150  lbs.  of  the  latter  being  considered  a  moving 
load. 

Cooper's  1909  specifications  require  that  highway  bridges  be  designed  for  a  lateral  force  of 
150  lb.  per  lineal  foot  on  the  unloaded  chord  and  a  lateral  force  of  300  lb.  per  lineal  foot  on  the 
loaded  chord,  150  lb.  of  the  load  on  the  loadeil  chord  being  treated  as  a  moving  load.  For  spans 
exceeding  300  ft.  add  in  each  case  above  to  lb.  for  each  additional  30  ft. 

The  author's  specifications  for  wind  loads  are  given  in  "  General  Specifications  for  Steel  High- 
way Bridges"  given  in  the  latter  part  of  this  chapter. 

DESIGN  OF  HIGHWAY  BRIDGE  FLOORS.  Types  of  Floors.— The  choice  of  floor  for  a 
highway  bridge  depends  upon  the  traffic,  the  cost,  including  first  cost  and  cost  of  maintenance,  and 
the  climate.  A  highway  bridge  floor  consists  of  a  sub-floor  which  has  the  necessar\*  strength  to 
carry  the  loads  and  a  wearing  surface.  Plank  floors  and  reinforced  concrete  slabs  without  wearing 
surface  have  the  sub-floor  and  wearing  surface  combined.  .\  highway  bridge  floor  should  have 
a  strength  and  a  weight  appropriate  to  the  structure  of  the  bridge,  and  should  be  well  drained. 
The  wearing  surface  should  be  waterproof,  capable  of  resisting  wear  and  should  be  as  smooth  as 
possible  withon^4?eing  slipper>'.  For  proper  drainage  the  wearing  surface  should  have  a  longi- 
tudinal grade  of  not  less  than  i  in  50  or  a  transverse  slope  of  nor  less  than  I  in  12.  Sub-floors  tor 
highway  bridges  are  made  (l)  of  reinforced  concrete;  (2)  of  buckle  plates  or  other  steel  sections, 
and  (3)  of  timber.  The  most  common  wearing  surfaces  for  highway  bridge  floors  are  (o)  concrete, 
(6)  bituminous  concrete,  (c)  asphalt,  (d)  creosoted  timber  blocks,  (e)  brick,  (J)  stone  block,  (j) 
macadam,  {h)  gra\'el  or  earth.  The  diflferent  types  of  sub-floors  and  wearing  surfaces  for  highway 
bridges  will  be  descrilx?d  in  some  tictail. 

Reinforced  Concrete  Floor  Slabs. — Reinforced  concrete  floor  slabs  on  steel  highway  bridges 
may  be  supported  on  joists  or  stringers  and  floorbeams,  or  by  the  floorbcams  alone.  Stringers 
are  used  for  beam  bridges  and  are  commonly  used  for  truss  bridges,  while  the  sLringerless  floor  is 
commonly  used  on  plate  girder  bridges.  The  sub-floor  slabs  are  commonly  calculated  to  carry 
the  dead  load  due  to  the  weight  of  the  slab  and  of  the  wearing  surface,  and  a  live  load  consisting 
of  a  uniform  load  per  square  foot  or  a  concentrated  moving  load.  The  thickness  of  reinforced 
concrete  slabs  in  short  spans  is  commonly  determined  by  the  concentrated  mo\Hng  load.  The 
stresses  in  reinforced  concrete  slalw  duo  to  a  concentrated  load  will  depend  upon  the  distribution 
of  the  load  over  the  slab.  The  dilTercnt  methwis  for  the  distribution  of  concentrated  loads  in  use 
in  different  specifications  have  been  described  and  the  spec ifiiat ions  adopted  by  the  author  have 
already  been  given. 

Design  of  Reinforced  Concrete  Floor  SUbs. — The  live  loads  and  the  distribution  of  loads  on 
floor  slabs  as  specified  by  the  author  are  given  on  pages  M2d  and  Il2f.  The  concrete  should  be 
a  1-2-4  Portland  cement  concrete  that  will  give  a  compressi%'e  strength  of  not  less  than  2,000  lb. 
per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  in.  long  after  having  been  stored  for 
28  da>'s  in  moist  air.  Allowable  compression  in  slabs.  650  lb.  per  sq.  in.:  allowable  tensile  stress 
in  steel,  [6,000  lb.  per  s().  in.,  modulus  of  elasticity  of  steel  to  be  taken  as  15  times  the  modulus  of 
elasticity  of  concrete,  allowable  shear  as  a  measure  of  diagonal  tension  40  lb.  per  sq.  in.;  punching 
shear  120  lb.  per  &q.  in.,  bond  stress  in  slabs  120  lb.  per  sq.  in. 
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The  thickness  of  floor  slabs  when  supported  on  longitudinal  joists  or  stringers  is  given  in 
Tabic  II  and  the  thickness  of  Moor  slabs  when  supported  on  cross  floorbeama  (stringerless  floor) 
is  given  in  Table  MI.  The  reinforcing  steel  for  reinforced  concrete  floor  slabs  is  gi'vcn  in  Table 
IV.  The  reinforcement  given  in  the  table  is  to  be  placed  at  the  bottom  of  slabs  calculated  as 
dmply  supported  and  at  lop  and  bottom  of  slabs  calculated  as  continuous  or  partially  continuous. 


r. 


TABLE  II. 
Thickness  of  Reinforced  Concrete  Floor  Si.ads.  i*sed  with  Joists. 
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T.^BLE  Iir. 
Thickness  of  Reinforced  Concrete  Fl<X)R  Slabs,  used  without  Joists. 
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Examples  of  Reinforced  Concrete  Floor  Slabs. — The  reinforced  concrete  floor  slabs  used  by 
the  Wificonsin  Highway  Commission  are  Riven  in  Ki^.  14,  Tig.  15.  Tig.  21  and  Fig.  22.  The  floor 
■lab*  uwd  by  the  Iowa  Highway  Commission  arc  given  in  Fig.  12,  Fig.  i.^,  Fie.  17,  and  Fig,  ^4. 
For  a  Btringcrlcss  floor  the  slabs  used  by  the  Iowa  commission  agree  very  doseTy  with  the  values 
given  in  Tabic  III. 
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TABLE  rv. 
RcixroftCEMEBrr  fob  Rehcfosced  Coxcrete  Fu)Ob  Slabs. 

The  reinforcement  ^v^n  in  this  t^ble  is  to  be  used  at  the  bottom  of  slabs  figured  as  simple 
and  at  the  top  and  bottom  of  slabs  figured  a^  cootintioiis  or  partially  continuous  over 
supports.     Longitudinal  reinforcement  }■>£  in.  round  or  square  bars  spaced  two  feet  centers. 
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The  Illinois  Highway  Commission  for  stringer  spacings  of  about  2j  ft.  uses  a  concrete  sub- 
floor  4  in.  thick,  with  a  4  in.  concrete  wearing  surface,  or  a  3  in.  creosoted  timber  block  wearing 
surface.  The  concrete  sub-Hoor,  4  in.  thick,  is  reinforced  on  the  under  side  with  )  in.  square  bars, 
Bpac^  6  in.  centers  and  centers  i  in.  abo\T  lower  edge.  Transverse  reinforcement  consists  of 
I  in.  square  bars  spaced  12  in.  centers.  The  concrete  is  specified  as  i— 2-3I  mix,  and  is  designed 
for  a  stress  of  800  lb.  per  sq.  in. 

The  West  Virginia  Highway  Commission  specifieB  1-2-4  concrete  and  a  minimum  thickness 
of  slab  of  5  in.  to  the  center  of  the  tension  reinforcement. 

TTie  Ohio  Highway  Commission  specifies  concrete  slabs  for  different  stringer  spacings  as 
follows:  5  in.  slab  for  2  ft.  spacing;  6  in.  slab  for  5  ft.  spacing;  6  in.  slab  for  4  ft.  spacing. 

Specifications  for  highway  bridf^s  of  the  state  of  Nebraska  specify  slabs  made  of  concrete  of 
a  1-3-4  mix,  6  in.  thick  reinforced  with  \  in,  round  bars  spaced  6  in.  centers.  The  bottom  of  the 
concrete  to  be  i  inch  below  top  of  joists. 

The  stanflard  reinforced  concrete  floor  used  by  the  Michigan  Highway  Commission  is  shown 
in  Fig.  8.  The  slab  is  6)  in.  thick  at  the  center  and  6  in.  thick  at  the  curb.  The  details  of  the 
Aoor  are  shown  in  the  cut. 

Buckle  Plates. — Buckle  plates  are  made  by  "dishing**  flat  plates  as  in  Table  55.  Part  H. 
The  width  of  the  buckle  W  or  length  L,  \-aries  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turned  with  the  greater  dimension  in  either  dimension  of  thL  plate.  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  of  the  same  size  and  he  sj-inmetrically  placed.  Buckle  plates 
are  made  }  in.,  A  in.,  \  in.  and  -^  in.  thick.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  inches,  and  should  be  supported  transversely 
between  the  buckles.  The  process  of  buckling  distorts  the  plates  and  an  extra  width  should  be 
ordered,  and  the  plate  should  be  trimmed  after  the  process  is  complete.  The  buckle  platea  are 
usually  supported  on  the  tops  of  the  stringers,  but  may  be  fastened  to  the  bottoms  of  the  stringers. 
The  space  above  the  buckles  Is  filled  with  concrete  which  carries  the  wearing  surface.  Buckle 
plates  arc  now  seldom  used  except  for  si)ecial  floors  and  heavy  floors  where  the  weight  of  a  rein- 
forced concrete  floor  would  be  too  great,  or  where  it  is  necessary  to  cut  down  the  clearance. 


PLANK  FLOORS. 

PUnk  noors. — As  long  as  an  excellent  grade  of  timber  was  a\^ilal>Ie  and  the  concentrated 
loads  were  not  excessive,  timber  floors  were  quite  satisfactory  when  properly  constructed.  Plank 
floors  should  be  of  white  oak,  long  leaf  >'cIlow  pine  or  similar  timber,  ]ai<I  tranaverscly.  Where 
two  Uycrs  of  plank  arc  used  the  lower  layer  is  laid  diagonally,  Planka  should  be  from  8  in.  to 
13  in.  wide  and  not  less  than  3  in.  thick.  To  carry  modern  auto  trnckfi  the  plank  should  have  a 
minimum  thickness  in  inches  of  three  halves  the  spacing  of  the  stringers  in  feet.     Planks  should 
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Fig.  6.     Reinfukcbd  Concketb  Ploor,  Michigan  Higuway  Comuission. 


be  laid  from  \  in.  to  \  in.  apart  so  that  water  will  not  be  retained,  but  will  run  through  and  will 
give  the  planks  an  opportunity  to  dry  out.  Where  more  than  one  layer  of  planks  is  used  a  liberal 
ooating  of  coal  tar  to  the  upper  side  of  the  lower  planks  and  to  the  lower  side  of  the  upper  planks 
will  materially  prolong  the  life  of  the  floor.  The  timlx'r  in  floors  made  of  more  than  one  layer  of 
planks  should  be  rrcosotcd.  Karli  plank  should  be  solidly  spiked  to  each  joist  with  spikes  having 
a  length  not  leMS  rluin  twice  the  thickness  of  the  plank,  or  6-in.  spikes  for  3-in.  plank  and  S-in. 
•pikn  for  4-in.  plank.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  by  B  in.  are  bolted  to 
the  tops  of  all  joists,  or  spiking  strips  4  in.  by  6  in.  are  bolted  to  the  sides  of  three  lines  of  joisca 
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under  each  plank  length.     When  the  latter  method  is  used  the  floor  planks  are  fastened  to  the 
inlermediatc  joists  by  bending  spikes,  driven  through  the  floor  plank,  around  the  upper  Hangcs  ol^— 
Che  joist.     For  specifications  for  plank  floors,  see  the  author's  "General  Specifications  for  Ste«^H 
Hightt-ay  Bridges."  ^™ 

The  thickness  of  plank  for  different  loadings  and  spans  calculated  for  the  allowable  stresses 
re<iuired  by  the  author's  specifications  are  given  in  Table  V.  ^H 

Laminated  Timber  Floor. — Highway  bridge  floors  are  sometimes  made  by  placing  2  in.  by^| 
4  in.,  2  in.  by  6  in.,  or  3  in.  by  8  in.  timbers  on  edge  and  spiking  them  together.     A  waterproof 
wearing  surface  is  placed  on  top  of  the  laminated  base.     The  safe  spans  for  a  laminated  timber 
floor  may  be  taken  the  same  as  for  planks  12  inches  wide. 

The  Oregon  Highway  Commission  uses  laminated  woofi  floors  made  of  3  in.  by  8  in.  timbers 
placed  on  edge  and  spikinJ  together  at  intervals  of  not  less  than  iS  in.  "  The  timbers  shall  prefer- 
ably be  long  enough  to  extend  the  full  width  of  the  roadway,  and  in  no  case  shall  more  than  two 
len^hs  be  used  in  the  width  of  roadway.  Every  fifth  timbi^r  shall  project  i  in.  above  the  inter- 
vcning  four  pieces,  to  furnish  a  grip  for  the  waterproof  wearing  surface." 

A  laminated  floor  made  of  2  in.  by  4  in.  pine  timbers  placed  on  edge  ami  spiked  together  was 
used  for  reflooring  23d  .Street  Bridge,  Denver,  Colorado.  Tfie  laminated  timber  base  is  covered 
with  an  asphalt  paN'ing  ij  inches  thick. 

TABLE  V. 

Thickness  op  t  2-inch  Fl^x)R  Plank. 

For  8-inch  plank  add  33  per  cent  to  the  thickness  of  plank- 
Thirkness  in  Inches,  Actual  Size,  No  Impact. 


b|,i«ciD^  u(  JuUu. 

loToa  Auto  Truck. 

i3-Toa  Au(o  Track.     '      15- Tod  Auio  Truck. 

3o-Toa  Akto  Trndi. 

12 
»S 
18 

ZI 

H 

27 

30 
33 
36 

2 
3* 

2 
2) 

i!             I            2I 

3 
4 

ii 

ii 
ii 

Allowable  Stresses. — Bending  stress,  1.500  lb.  per  aq.  in.;  bearing  across  fiber,  400  lb.  per  sq.  in. 

Minimum  thickness  of  plink  nllmvcJ  by  K.clehiim'i  specifications  is  3  in.;    maximum  spiidng 
of  joisls  is  50  in. 

Creosoted  Timber  Floor .—Creosoted  timber  may  be  used  as  a  sub-floor  for  a  creoAoted  tim 
block  wearing  surface,  for  a  bituminous  wearing  surface,  or  mayi:arry  a  gravel  or  earth  fill,  or  masr, 
ha\-e  no  wearing  surface. 

Specifications  for  Creosoted  Timber. — Timber  used  for  all  creosoted  floor  timbers  except 
blocks  shall  Ue  first -class  oak,  lonK-Ifaf  yellow  pine  or  Oregon  fir.  It  shall  be  cut  from  live  trccsand 
sliall  be  straight  grained,  free  from  shakes,  lar^^e  or  loose  knots,  decayed  wood,  worm  holes  or  other 
defects  that  will  impair  its  strength  or  durability.  It  shall  be  sawed  straight  and  true  and  shall 
be  full  size.  AH  timlwr  sh.ill  Ik-  impregnated  with  at  least  12  lb.  of  creosote  oil  per  cubic  foot  of 
timber.  The  creosote  oil  shall  he  a  pure  coal-tar  product  free  from  any  adulteration.  Il  shall  be 
free  from  any  tar  or  any  petroleum  oil  or  petroleum  residue.  The  specific  gravity  at  100"  F.  shall 
be  at  least  1.03,  but  not  more  than  r.07.  The  creosote  oil  shall  comply  with  the  specifications  of 
the  American  Railway  Engincoring  .^asociatin^  for  creosote  oil.  The  timber  shall  l>e  impregnatLHl 
with  rreosoie  oil  by  the  full  cell  proccs.s.  The  details  of  the  treatment  shall  comply  with  the 
specifications  of  the  American  Railway  Engineering  Association  for  the  treatment  of  ties  with 
creosote  oil. 
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The  limbers  for  the  sub-floor  slwll  lie  surfaced  on  one  side  and  one  edge,  and  shall  not  \ary 
ihan  fi  in.  from  the  specified  thickness.  The  tinil>crs  shall  be  laid  with  the  surfacetl  side 
wth  tight  joints,  and  shall  be  fastened  to  the  out&ide  spiking  strips  with  two  6-in.  lag  screws 
al  i-.ich  end  of  each  plank,  and  to  the  intermediate  strmgers  with  two  spikes  in  each  stringer,  the 
l<^gth  rjf  the  spikes  to  be  at  least  twice  the  thickness  of  the  floor  planks.  The  fellow  guard  shall 
be  bolted  ro  the  stringers  with  |-in.  bolls  spaced  not  more  than  5  ft.  centers. 

WEARING  SXJRFACES  FOR  HIGHWAY  BRIDGE  FLOORS.— The  wearing  surface  of  a 
highway  bridge  f1i>or  should  satisfy  the  usual  conditions  for  a  pavement  and  in  addition  should 
not  liAxt  an  exi**s5i\'c  weight;  as  an  increase  in  dead  load  on  the  bridge  increases  the  necessary 
amount  of  steel  in  the  floor  supptjrts  and  the  trusses  and  increases  the  total  cost.  The  most 
common  wearing  surfaces  will  be  briefly  dcscriberl. 

Coacrete. — A  concrete  wearing  surface  is  l.iid  on  top  of  the  concrete  slab  by  ihc  Illinois  High- 
K»ay  Commissioa  as  follows: — The  wearing  surface  shall  have  a  thickness  of  not  less  than  4 
inches.  The  lower  2  in.  of  the  wearing  surface  shall  be  made  of  concrete  mixed  in  the  proportions 
of  one  part  Portland  cement.  3  parts  clean  sand  and  4  parts  clean  gravel  or  broken  stone  that  will 
passa  ij-in.  ring.  The  concrete  shall  be  thoroughly  mixed  in  a  batch  mixer  to  a  jelly-like  consis- 
tency and  shall  be  placed  immediately  on  the  sub-floor  slab.  Upon  this  concrete  layer  shall  be 
immediately  laid  a  2-in.  layer  of  mortar  made  by  mixing  one  part  Portland  cement  and  2  parts  of 
dean,  coarse  sand.  The  mortar  shnt!  be  mixed  to  a  jelly-like  consistency  in  a  batch  mixer  and 
shall  be  immediately  placed  upon  the  Ireshly  laid  concrete.  Before  the  mortar  has  begun  to  set 
it  shall  be  finished  off  with  a  wood  float,  and  before  it  has  hardened  it  shall  be  roughened  by  brush- 
ing with  a  slifl^  vegetable  brush  or  broom. 

The  concrete  slab  and  the  concrete  wearing  surface  are  commonly  laid  in  one  operation, 
the  wearing  surface  bring  finished  up  as  for  a  concrete  pavement. 

Creosoted  Timber  Blocks. — The  blixrks  shall  be  made  of  prime  sound  long-leaf  yellow  pine 
or  Oegon  fir  and  shall  contain  no  loose  knots,  worm  holes  or  other  defects,  and  shall  be  well  many 
factured.  No  wood  averaging  less  than  6  rings  to  the  inch,  mMsured  radially  from  the  center  of 
ihe  heart  shall  be  used.  The  blocks  shall  have  a  depth  as  sfM^cified,  but  ih*?  depth  shall  not  be  less 
than  3  in.  The  blocks  shall  be  from  6  to  10.  in.  long.  The  width  shall  be  from  3  to  4  in.,  but  the 
blocks  in  any  contract  shall  have  the  same  width.  A  variation  of  iV  '"•  '"  depth  and  i  inch  in 
width  will  be  permitted.  The  width  shall  t>e  greater  or  less  then  the  depth  by  not  less  than  J  in. 
The  blocks  shall  be  impregnatetl  with  creosote  oil  by  the  full  ct-ll  process.  The  creoscHc  oil  and  the 
method  of  creosoting  tinilwr  blocks  shall  be  the  same  as  specified  for  creosoteii  timber.  All  creo- 
soted timber  blocks  shall  rontiiin  not  less  than  16  lb.  of  creosote  oil  per  cubic  foot  of  limber. 

^jW»£  Creosoted  Timber  Blocks. — When  the  creosoted  timlxir  blocks  arc  laid  on  a  creosoted 
timbrr  (msc,  a  Ia>xT  of  tar  pa(x:r  shall  be  laid  on  the  timber  base.  Wlicn  creosoted  timber  blocks 
arc  laid  on  a  concrete  floor  slab,  a  la>'cr  of  dry  cement  mortar  made  by  mixing  dr>'  one  part  of 
Portland  cement  and  fourpartsof  clean  dry  sand  shall  bespreadon  the  dr^' floor  slab.  The  cement 
cushion  shall  be  rolled  to  a  thickness  of  |  m.  .\s  the  blocks  are  laid  on  the  concrete  slab  the  sand 
and  cement  shall  lie  moisirned  by  sprinkling  and  the  blocks  shall  be  laid  before  the  cement  has 
h.vl  lime  to  set.  The  blocks  shall  be  laid  at  right  angles  to  the  length  of  the  bridge  in  parallel 
lines,  with  the  K''^in  vertical.  The  blocks  shall  break  joints  at  least  3  in.  Two  lines  of  blocks 
shall  be  laiti  next  to  the  curb  with  the  long  dimension  of  the  block  parallel  to  the  bridge,  and  the 
mnaindi*r  of  the  blix-ks  shall  lie  laid  at  right  angles  to  those  bhxrks.  The  blocks  shall  Ix-  laid  with 
open  joints,  i-iti.  open  joints  transversely,  4-in.  open  joints  longitudinally.  Kxiiansion  joints  not 
less  than  i  in.  thick  the  full  depth  of  the  bLxrk  shall  oc  providwl  along  each  curb,  and  transveree 
joints  not  less  than  i  in.  thick  shall  be  provided  every  50  ft.  in  length  of  the  bridge.  These  joints 
shall  be  kept  closed  until  the  blocks  are  all  laid,  and  the  space  is  then  to  be  filled  with  a  bituminous 
fillex.  After  the  blocks  have  been  laid  they  shall  Iw  tamped  or  rolled  to  firm  bearing.  All  defect- 
ive, broken,  damaged  or  displaced  bhxrks  shall  be  removed  and  rcjilaced  with  sound  blocks.  All 
joints  and  exiiansion  joints  shall  then  be  filleil  to  a  depth  of  two-thirds  the  denth  of  the  block  with 
a  satlsfAcliiry  Ijiruminous  filler.  The  filler  shall  not  ne  brittle  at  o"  K.  nor  now  at  120"  F.  The 
filler  shall  be  applied  at  a  temperature  of  not  less  than  31*0*  F.  After  the  first  application  has 
set  the  joints  hhall  be  filled  to  the  proper  height  with  a  second  coat.  Joints  shall  lie  filled  only  in 
dr>*  weather,  when  the  temperature  is  not  less  than  50°  F.  Before  the  second  coat  has  hardened 
a  layer  of  sand  1  in.  thick  shall  be  spread  on  the  surface  and  shall  be  swept  into  the  joints. 

Bituminous  Wearing  Surface  Floors. — Bituminous  wearing  surface  floors  may  be  laid  on  m 
treosoted  timber  sub-floor  or  on  a  concrete  sub-floor. 
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AfpkaU. — The  aaphalt  used  far  bftaminottf  weariiK  fttffaor  A^  cuadiunu  to  the  iaOoma^ 
rrtuif^nrfflf  A«phak  shall  have  a  apecific  gcarity  ai  2<*  C.  ctf  oat  Ibm  dtaa  0.97 
iwi^,  bAaM  be  aaliibteiaonldGaibaBdMplii£tvtecttHBt<ri  aft  laaA  90  pa^ce^  Of 
MM  *^v*»**.  stoe  less  than  22  per  oeat  aor  votitPt  tbsa  jo  per  ceatt  ahaU  be  msalufale  ia  W 
0flf4ttlu.  When  20  gnuns  (in  a  tin  dish  3|  in.  in  diameter  &nd  |  tn.  deep  with  vertical  ndes)  axe 
MtteCaioed  at  a  tetDperature  of  1O3*'  C.  ior  5  hours  in  a  N.  Y.  tcstinc  laboratory  oveo.  the  rvapora- 
CSm  loss  ibaU  aot  aaoeed  2  per  ocaC  aad  the  peactiatAcm  shall  not  have  been  decreased  aane  thaa 
The  iaed  cariraa  shail  aot  osDeed  16  per  oetf  by  weiglit.  Tlie  prwirarina  as  de- 
wifth  the  tXnr  macfaiof  uMitt  a*No.  2  oeedlc,  loo  ^  ^^^f^  5  ftwds  time,  and  a 
of  t^  C  shall  be  aot  less  than  30  nor  ntore  thab  50.  Tht 
6  per  ceot  by  wo^it  vi  p**^***^  st^k^ 

Afgfti^^. — ^Tm:  aggregate  slull  ooasist  otf  i,JWf'iirnd  gcsvet.  a-hich  ^laB  have  been  approved 
by  Khe  tmpsyetx.  dry,  irvt  fram  dust.  £rt  and  day.  axkd  jiraded  in  siae  from  {  in.  to  J  ia. 

deoflta;  Sub-Fiankint. — Before  placios  the  a^iaiif  aafHC.  the  aab-plankin;  riufl  be  tbor- 
ou^dy  cieaoed  from  all  foreign  material  azra  the  ciacdcs  shaO  fae  Med  aad  the  plank  ooi*ered  Co  a 
depth  <d  appFOxiraateiv  i  in.  arith  aaphah  of  the  rharactw  hereia  apecifced,«hk:fa  dhal  be  wpptTrf  at 
a  Umperature  of  not  KMthaa400*F.    The  SMb-y^aaHngAaHbedry  when  the  a^dnh  is  applied. 

riacmp  Wearini  Surface. — The  ^cavd  shall  be  spread  on  the  asphah  covenng  a^ile  the  aaaie 
is  hot  and  la  a  quaniity  which  arill  juat  cover  the  awhah  The  thadcneas  must  aot  otoeed  that 
wUdh  arill  be  farmed  bv  a  tia^  layer  of  the  giawl  twWihi 

UpQO  the  otatcriai  thus  spread,  there  sinll  be  poured  hot  asphalt  tmtil  the  intcrstioes  are  all 
fitted,  the  asphalt  beiag  at  a  temperaiore  of  not  leas  thaa  40a*  F. 

Upon  the  laytf  of  asphah  thus  ooured  there  shall  be  spread  a  seaaal  layer  of  pavef  which  shall 
not  eaoeed  the  thickness  cf  a  sinaSe  Uya-  of  ptbhfcs,  bat  vfaicii  oMist  be  aprod  in  suflkieMt  qaaatity 
to  cover  oomfieuAy  the  layer  of  asphilf 

Upoo  the  layer  of  graved  thus  spread  t^ere  ahafl  be  poured  hot  asphalt  ootil  all  the  intentioea 
are  6ll«d.  the  oiV^bAh  havina  a  teaperattofc  of  not  leas  thaa  400'  F. 

fM^^Tne  aarfaoe  atall  then  be  cavcfcd  aritfa  a  layrr  of  pcUdca  jmt  ■"*^^"*  to  cover  the 
asphah.  Che  pebbles  to  be  wefl  rcHhi  or  taa^icd  ioto  the  asphab  aad  the  Mufaoe  fis»Uy  co\-ered 
mth  coarse  ssad  sufficient  to  lake  up  any  free  aiphalt  After  the  sorfaoe  has  stood  tor  ooe  day, 
k  may  he  opeaed  Co  traffic. 

Waanac  Sorteoe — Cold  Iftizzng  Method,  using  an  AsphaH  Emnlsioa.    Illinois 


A  $pkaU  Em%dsion. — The  rmulsinn  ahaB  consist  of  asphalt,  water  and  fatty  or  reain  soap  thor- 
outfhiy  emuUified.     It  shall  coaloTl  to  the  fiofloviac  requiremenU: 

Total  bkuaea .Not  less  than  60.0  per  cent 

Specific  ^vity  of  dehydrated  material Not  less  than  1.000 

f^ttctration  of  debydratod  material.  25*  C,  100  pn.,  5  sec 150  to  200 

TUal  Bilumten. — Thv  total  bitumen  shall  be  considered  as  being  100  minns  the  sum  of  the 
peroeatafes  of  water,  of  fatty  (X  re^n  acidfi,  of  organic  matter  insoluble  in  carbon  disulphide  other 
than  fatty  or  reaiti  acids  from  the  soap,  or  mineral  matter  (ash),  and  of  ammonia. 

For  percentages  of  water,  fatty  or  resin  acids,  organic  matter  insolubUr  in  carbon  disulphide, 
mtocral  matter  (asfa),  and  ammonu,  see  United  States  Department  of  Agriculture  BuUetin  314, 
p.  41. 

S^iJU  CfovUy, — Standardued  pycaometers.  United  States  II>epartnient  of  Agriculture 
BulWtin  3(4.  P-  4- 

Pemtralum.—A.  S.  T.  M.  Stand.     Test  D  5-16. 

A/x^erMtf-^^^  aggregate  shall  consirt  ofcrushed  stone  chips  uniformly  graded  from  }  in. 
down  tu  'lii&l  with  all  dust  removed,  to  which  shall  be  added  sumcient  sand  to  611  all  nemaJntng 
voido,  I'l.f  f,oi  r(<  t-xf'*^  30  percent  of  the  volume  of  the  aggregate. 

(  >>>- Plunking. — Before    placing    the  weanng    surface,  the    sub-planking  shall  be 

thofoi  ,  "I  from  all  Utrrij^n  material  and  all  cracks  shall  be  filled  wnth  wood  strips  or  oakum. 

Xtixifit  M*il<riaii. — The  aggregate  and  the  asphalt  emulsion  shall  be  mixed  cold  in  the  pro- 
porti*jn»  of  1  nil.  of  cmuUioii  to  1  cu.  ft.  of  amegate.     To  facilitate  mixinR,  water  to  the  extent  of 

r'f  cfnt  may  be  added  to  the  eraulMon.     llie  proportions  eiven  above  for  mixing  the  aggregate 
the  riiiulMon  are  liased  on  the  undiluted  emulsion.     The  mixing  shall  be  done  on  a  tight 
ixing  board  or  in  a  batch  coocrcte  mixer,  and  shall  continue  until  all  particles  of  the  aggregate 
srr  thoroughly  coated. 
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n^cimi  WMnmi  Smrfat$, — After  mixing,  thr  itiatrrial  ahatt  Itc  ft|)rvad  upon  the  mndw*)'  in 

cicnt  auantity  to  pn>vidc  a  thickness  of  {  in.,  after  rullini;  or  tAmpinB. 

Finish. — After  the  mAterial  has  bc«n  roUetl  or  tant^ir<l  snuwlh  rtrnfto  n  nniforni  thiiknrM  of 
{  in.,  the  surface  fthall  t»e  gixTn  u  paint  ctMiC  of  the  emulsjon  applieil  a(  the  rule  of  |  eitl.  ^ter  iiq.  vxl.. 
and  then  ihaU  bccovxrcd  with  coarse  sand  sutliLirnt  to  t.ikr  up  any  frve  nunhalt  nnJto  hit  all  mmJb 
in  the  surface.     After  the  surface  has  stood  fur  one  d.iy,  it  niAy  Ik  o|K*n(x(  to  ti.ithc. 

BItnminous  Pavement  on  Concrete. — A  bituniinotis  wraring  surfatv  nui\'  Ik*  l.iid  aa  i>n  the 
rreoaotetl  pUnk  suh-tUxir.  or  the  wearing  surface  may  be  laid  aai»nlin^  to  ihe  lollowiiiK  iitandani 
method.  The  concrete  shall  be  dn-  and  lhoroii>;hlv  clean.  A  bittinunou!i  wraring  »urlrtii-  two 
inches  thick  \s  applir<l  as  follows:  The  nggn'gate  ron.vMs  of  brokrn  xlonr  or  (jtawl  [utNMntt  a 
ooe-inch  screen  with  the  dust  screeneil  out  to  which  i»  a<ldcd  Mtid  iHiual  tit  alHMiI  one-«|iiarter  to 
QOe^half  the  >'olume  of  the  «tonc.  The  agK^fjialrs  shall  l>e  heateil  and  ntiMtl  with  the  t>ttiinitnou 
material  in  a  mechanical  mixer  or  by  hana  with  hot  showls.  The  a»phalt  t»hall  l>e  ininrtl  not  It 
than  io  gallons  to  the  cubic  >'anl  of  aKKn'g;ite  at  a  teiniM-raturv  tif  \^o^  to  400*  K,  The  nii\tnfv 
shall  be  anplie<l  hot  to  the  concrrte  surface  ami  shall  l>e  niknl  with  hot  hties  or  rakes  ami  in  rolled 
with  a  roller  weighing  not  less  than  5  tons.  After  the  surface  has  iMYn  rolled  a  U>Tr  of  hot  asphah 
shall  be  applied  and  a  layer  of  coarse  sand  rolled  into  hot  asphalt. 

Examples  of  Highway  Bridge  Floors. — The  following  examples  of  highway  bridge  Oooif 
specified  by  different  highway  commissions  arc  of  intcn>st. 

The  Illinois  Highway  Commission  uses  the  following  standard  lloors:  (l)  A  reinforced  cim- 
Crete  sub-floor  4  in.  thicK.  and  a  concrete  wearing  surface  4  in.  thick,  weight  inn  lb.  per  m\.  ft.; 
(j)  a  reinforced  concrete  sub-floor  4  in,  thick  and  a  rrc<»»otp*l  IiiuIht  JtliK-li  wraring  surface  .<  in. 
thick,  weight  65  lb.  (wr  s<|.  ft.;  I^^l  a  creosc>tc«l  plank  sub  (liKir  \  in.  ihirk  ami  a  wearitiK  Hiirface  of 
crcoaoted  timber  blocks  3  in.  thick,  weight  32  lb.  per  m\.  ft.;  and  (4I  a  cretw)te<l  limlter  nhip  Inp 
floor  3  in.  thick  and  a  wearing  surftue  of  rrecisjjted  InulM-r  bUxk*  .^  in.  thick,  wriKht  J^II'.ih'I  iwi.lt. 

The  Michigan  Highway  t'ommission  uwa  the  following  surface  treatment  on  corurete  lli»t»r 
•tabs.  The  surface  of  the  concrete  is  thoroughly  cleiuied  and  k  of  a  gallon  jmt  w],  yd.  of  coal  lar 
boated  to  a  temperature  of  J.so*^  to  350°  K,  is  sprcail  nver  the  slnn,  Wnile  the  lar  in  hot  thr  nnrlace 
iacvenly  covered  with  a  layer  )  in.  thick  of  clean,  sharp,  cimrse  snnd. 

The  Wisconsin  Highway  Commission  docs  nut  s}K*cify  a  wearing  coiit  on  lop  of  concrete  Moor 
slabs. 

The  Iowa  Highway  Commission  uses  either  a  3  In.  fill  of  gravel  or  a  rreoaotefl  block  floor  3  In. 
thick.  Concrete  slabs  arc  covered  I  with  n  bituminnus  coating  made  by  npptying  |  of  a  gaUon  int 
sq.  yd.  of  hot  tar  to  the  clean  dr)'  slab,     A  layer  of  cturM*  dry  Kind  \%  heated  and  nilled  on  top  of 

lar. 

Cwt  of  Floor*. — The  costs  of  highway  bridge  floors  were  estimated  by  Mr.  Clifford  Older, 
idge engineer,  Illinois  Highway  Commission  in  lylS  a«  foHows;  Concrete  in  unb  fl<«n*i  int  lurling 
rrinforcing  iitcel,  fi^-oo  jkt  cu.  yd.;  concrete  wearing  surface.  4  in.  tlitik,  fti.i^o  p*T  im|.  yd.; 
rreosotcd  sub-plank  fl^-lb.  treatment)  in  [ilace.  $jo  |ier  thoufbind  feet  11.  M.;  creosoled  blixks  3 
in.  thick,  in  place,  $1.80  per  »(|.  yd.;  bituminous  gravel  wearing  snrfate,  {  in.  thick,  fo/Hj  |h*i  m\, 
>*d.  The  weights  and  rosls  of  the  Illinois  Highway  Commission  uliindard  HtMirs  wrrr  »■  follows: 
roncTvte  sub-Hoor  4  In.  thick  and  concrete  wearing  stirface  4  in.  thick,  wriglm  too  lb.  |ier  si|,  fl,, 
and  costs  $2.95  per  sq.  yd.;  concrete  sub>f1oor  4  in.  thick,  and  creosoted  bUnks  3  in.  thick,  weighs 
65  lb.  per  sq.  ft.,  and  costs  ^3.25  per  sq.  yd,:  creosoted  plank  ■ub-tln«ir  3  in.  thick,  iind  creosoted 
blocks  3  in.  thick,  weighs  33  lb.  per  w).  ft.,  and  costtt  $4.10  itrr  «<],  yd.;  creosotcil  plank  sublUmr 
3  in.  thick,  and  bituminous  wearing  surface  |  in.  thick,  weighs  j6  lb.  per  sq.  ft.,  and  cosU  13,00 
per  sq.  yd. 

DESIGN  OF  STRINGERS.— Stringers  or  jolsU  support  the  floor  and  in  turn  are  supporteff 
by  the  floorU-ams.  The  ioists  may  be  supportetJ  on  the  tops  of  the  ftcxirl>eums  or  nuiy  In*  franird 
into  the  flo«)rbcam  by  the  use  of  connection  angle*.  Where  concrete  fUmrs  are  ime<l  thr  strri  joiats 
iliouid  cither  be  supported  on  the  toin  of  the  (locyrbcams  Of  If  framnl  Into  the  floorbeami  khoutd 
have  the  upp^r  flanges  of  the  beams  copef]  so  titat  the  tops  of  tbv  joists  will  tie  on  the  oame  level 
as  the  fkx>rbeamfl.  The  loarls  carried  by  ifie  }<n*i%  arr  (l)  the  dead  load  which  Is  made  up  of  lh« 
weight  of  the  joists,  the  fkj(jr  slab  and  the  wearing  surface;  (2)  a  uniform  live  toad,  or  a  ronrm« 
tratrfl  moving  load.  The  uniform  live  load  and  the  ronrrnlmied  moving  loads  are  llu-  samr  sslh« 
uaed  in  desugntng  the  floor  slabs,  but  the  distribution  of  the  ronrentratrd  load  Is  not  the  same. 


a 

14 


If2p 


STEEL  HKJ4IWAV  BRIDGES. 


Chap.  III. 


7)»;  4iMinUitUm  *A  th«  JWfv\n%  rffWji:ntr^xM  Vtad  to  the  joist*  as  hiw  jfinl  by  <fifferait  highway 
t/ftntMrntrttz  Hnt\  'Ah^n,  anrl  l/y  the  author  have  aktady  been  given. 

Ht««l  HtriflC«rf.  ^'f  he  wze*  '/f  uoei  I'tjeann  of  minimum  weights  required  for  stringers  with 
tUfl*T*-tit  %\^'  \tf^%  *o  tj^rty  a  dead  Irjad  fA  f  «Xj  lb.  per  sq.  ft.  and  a  20-ton  auto  track  with  30  per  cent 
itu\0i0 1  */f  it  liv<T  Ujft/J  'A  12$  lb.  per  »fj-  ft-  with  50  per  cent  impact  are  gi%Tn  in  Fig.  9;  and  to  carry 
A  tU^\  Um/I  oi  I'Mi  lb.  \0rT  w\.  ft.  and  a  t^Um  auto  truck  with  30  per  cent  impact  or  a  li^-e  kiad  of 
Urif  lb,  i^-r  ftfj.  ft.  with  ,yj  p^^r  f>mt  impsifX  art  given  in  Fig.  10.  The  sues  of  steel  I-beams  of  mini- 
mum W'ifcht*  rtifiitirttfl  to  f^rry  a  fkiad  Ifjad  of  100  lb.  per  sq.  ft.  and  a  15'toa  auto  truck  without 
tmint/l  *rt  -A  liv<r  I'lO/lof  I'X/tb.  \m  %f\  ft.  without  impact  are  given  in  Fig.  1 1.  The  steel  stringers 
used  t/y  lh<r  \Viii'//rjMn  Highway  f>jmmis«ion  to  carry  a  f 5-ton  road  roller  without  impact,  and  the 
Irt4^;l  Mririg'-m  nwrd  t/y  the  Iowa  Highway  O^mmiasion  to  carry  a  15-ton  traction  engine  without 
%%\%\m\  atf  (ira/.tif  ally  the  same  as  th^^K  givm  in  Fig.  1  f . 

Timber  JoJstt.  -The  si^rs  of  timber  stringers  or  joists  for  different  spacings  and  spans  to 
iAtty  a  20-t'rti  auto  truf  k  are  given  in  Table  VI;  to  carry  a  15-ton  auto  truck  in  Table  VII,  and  to 
iixtfy  a  lO'ton  auto  truck  in  TaMe  VIII.  The  timber  joists  were  designed  for  the  following  unit 
mrfiW'M,  to  lie  \m-A  without  impact:  Allowable  bending  stress,  1.500  lb.  per  sq.  in.;  allowaUe 
licaring  at  rrms  tlie  grain,  4'Xi  lb,  (jer  sq.  in. ;  allowable  longitudinal  shear  in  beams,  140  lb.  per  sq.  in. 
The  maximum  spocings  of  timber  joists  for  short  spans  are  determined  by  the  longitudinal  shear. 


TABLE  VI. 

Spacing  of  Timber  Stringeks  or  Joists. 

f  ahnlatetl  for  20-ton  Auto  Truck,  Without  Impact. 


M«rtiiltial  Hlr«  <A 

Maximum  Spacing  in  Feet  for  Different  Spai»»  in  Feet.                                             | 
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i  (tf  heavy 

oad  carried  by  one  joist  shall  be  taken  equal  to  the 

as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
dina!  shear  140  lb.  per  sq.  in. 
line  arc  determined  by  longitudinal  shear. 

DKSION  OF  FLOORBBAMS.— The  fl(H)r  loa<ls  may  be  carried  to  the  floorbeams  by  means 
i»f  HtriuK**!''*  oi"  joiHtH,  t)r  tht*  ItwuU  may  l>e  carried  to  the  floorbeams  directly  by  the  floor  slabs. 
Thr  ItMidn  niirinl  by  ihi*  tliMirlH'uum  conHist  of  (i)  the  dead  load  which  is  the  weight  of  the  floor 
nyntrni;  (j)  a  uniform  live  hmd;  !>r  u  eoiuTntrated  moving  load.  The  uniform  live  loads  are  the 
munr  an  the  Mnifinin  livr  limdH  used  in  designing  the  floor  slabs  and  stringers,  but  the  distribution 
of  the  iiMirmlralrd  nioving  hwl  is  not  the  wune  as  for  either  the  floor  slabs  or  the  stringers.  The 
dUtribution  of  ihr  nioviuK  conct'nl rated  Itwd  to  Ihwrlx'ams  as  specified  by  different  highway  com- 
ntlwionH  and  othtMH,  and  by  the  author  have  already  been  given. 
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TABLE  VI!. 

Spacing  of  Timbeu  Stkinoers  ok  Joists. 

Calculated  for  15-ton  Auto  Truck,  Without  Impact. 


jQiM».lB. 

Maximum  Spacing  <n  Feri  for  Different  Spans  in  Pe«t.                                                  1 
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The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  uken  equal  to  the 
spacing;  oi  the  joists  in  feet  divided  by  four  feet. 

Jobu  were  dcsig-ned  for  allowable  stresses  as  follows;  Cross-bending,  1,500  lb.  per  sq.  in.;  bcar- 
infr  acrou  the  grain,  400  lb,  per  so.  in.;   loni^itudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joiats  for  spans  to  left  of  heavy  line  arc  determined  by  longitudinal  shear. 

TABLE  VIIL 

Spacing  of  Timber  Stkingebs  or  Joists. 
Calculated  for  lo-ton  Auto  Truck,  Without  Impact, 
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The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spacing  of  ihc  joisii  in  feet  divided  by  four  feet. 

Joiits  were  Jcstpncd  for  allowable  stresses  as  follows:  Cmss-bending,  1,500  lb.  per  sq.  in.;   bear- 
ing across  the  grain,  400  lb.  per  so.  in.;   longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  arc  determined  by  longitudinal  shear. 

Steel  I-BeAm  Floorbeams. — The  sizes  of  steel  I -beams  required  for  lloorbeams  for  panel 
lengths  of  10  ft.  lo  34  ft.  and  widths  center  lo  center  of  trusses  or  girders  of  15  ft.  to  36  ft.  to  carry 
a  (Icmd  load  of  100  lb.  per  »q.  ft.,  and  a  20-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  Hve 
loflUtof  135  lb.  per  aq.  ft.  with  30  percent  impact  are  given  in  Fig.  9:  while  the  floorbeams  required 
to  carry  a  is-ton  auto  truck  with  30  per  cent  Impacl,  or  a  uniform  live  load  of  100  lb.  per  w|.  ft. 
with  30  per  cent  impact  are  given  in  Fig.  10.  It  wilt  be  noted  that  the  uniform  live  load  controls 
(or  wide  roadways  or  for  long  panels. 
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a      14      16       H     TO     21     M  Z       S      4       S 

Fig.  9.    Bending  Moments  in  Floorbeams  and  Stringers  for  20-TON  auto  truck. 
(30  PER  CENT  Impact).    Concrete  Floor. 


a     16     »     i0     n    U  Z     S     4      S 

Panel  Length  infHt  ^psctoqm  Feet. 

Fig.  10.     Dbkding  Moments  in  Floorbeams  and  Stringers  for  15-TON  Airro  Truck. 
(30  per  cent  Impact).    Concrete  Floor. 


J 


For  a  bridge  ty  ft.  center  of  trusses  and  r8  ft.  panels,  from  Fig.  9  the  required  floorbeam 
a  24   n.  I  @  80  lb.,  while  from  Fig.  10  the  required  floorbeam  is  a  30  in.  1  @  70  lb. 

The  sizes  of  steel  I-beams  required  for  floorbcams  for  panel  lengths  of  10  ft.  to  24  ft.,  and 
widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.  to  carry  a  dead  load  of  100  lb.  per  sq. 
ft.  and  a  15-lon  auto  truck  without  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  without  im- 
pact arc  given  in  Fig.  ii.  These  are  practically  the  floorbcams  required  by  the  specifications  of 
the  Illinois,  Iowa,  and  Wisconsin  Highway  Commissions.  Steel  stringers  for  the  same  loading 
are  given  in  Fig.  u. 

7*hc  bending  momenta  for  the  design  oi  built-up  floorbeams  may  be  obtained  from  Fig.  9, 
Fig.  10,  or  F'ig.  li. 


ivTiiW' 


n    14    »    a    m    a    u 


2      3      4      5 


Pic.  II.    Bekdinc  Moments  in  Floorbe\ms  and  Stringers  for  15-TOM  Auto  Truck. 
(No  Impact.)    Conckbte  Floor. 


I 


CALCULATION  OF  STRESSES.— For  the  calcubtion  of  the  stresses  in  highway  bridges. 
•ee  the  author's  "The  Design  of  Highway  Bridges,"  also  sec  Chapter  XVI. 

ALLOWABLE  STRESSES. — For  allowable  strcsaea  to  be  used  in  the  design  of  steel  highway 
bridges,  see  "Grnerul  Specifications  fur  Steel  Highway  Bridges,"  printed  in  the  last  part  of  this 
chapter. 

SHORT-SPAN  STEEL  HIGHWAY  BRIDGES.— The  term  short-span  highway  bndgei 
will  be  aaautned  to  include  beam,  low  truss  and  plate  girder  bridges. 
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BEAM  BRIDGES. — Beam  brid^fce  art-  niade  by  placing  steel  I-beams  side  by  side  with  the 
ends  resiing  on  the  abutments.  The  roadway  Hoor  may  be  marie  of  planks  laid  transversely  on 
the  tops  of  the  beams,  or  of  reinforccsl  concrete.  The  sfiacing  of  the  beams  depends  upon  the  load 
to  be  carried  and  upon  the  thickness  of  ihc  floor  planks  or  floor  slabs  and  \'aries  from  3  to  4  ft. 
Timber  joists  should  not  be  spaced  more  than  2^  ft.  centers.  A  common  rule  for  the  thickness 
of  oak  floor  planks  is  that  the  plank  shall  have  at  least  one  and  one-half  inch  in  thickness  for  each 
fool  of  spacing  of  the  joists  or  stringers.  The  outside  beams  should  be  the  same  size  as  the  inter- 
mediate beams.  It  is  commonly  specified  that  rolled  beams  shall  have  a  depth  not  less  than  fs  the 
span. 
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Fig.  12.     Be.\m  Bridges. 


Standard  steel  beam  bridges  with  concrete  floor  as  designed  by  the  Iowa  Highway  Commission 
are  given  ir  Fig.  12  and  Kig.  i.|.  The  spans  vary  from  i6ft.  1032  ft.  The  details  are  shown  in  the 
cuts.      -•■'■■  ■      ■  •    <■  •  '    ^-  .        .    „ 


Fig.  14 


nc  spai 
Quantities  for  beam  bridges  with  angle  fence  as  shown  in  Fig.  12  are  gi^'en  in  Table  IX. 
A  standard  steel  beam  bridge  as  designed  by  the  Wisconsin  Highway  ComniiBsion  is  shown  in 
Data  and  quantities  for  beam  spaas  from  10  ft.  to  38  ft.  arc  shown  in  Table  X. 
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Fig.  13.    Beam  Bridges. 


The  minirnum  sizra  of  I-bcams  for  difTcrcnt  loadings  and  for  different  spacings  and  spans  and 
ith  a  conrrctc  and  a  plank  floor  have  been  calruluted  by  the  author  and  are  given  in  Table  XI 
Tabic  XII. 

Floor  planks  may  be  spiked  to  spiking  strips  on  the  tops  of  the  beams,  or  to  spiking  strips 
on  the  sides  of  the  I-beams.     The  floor  planks  arc  spiked  to  these  spiking  8tri[)6,  and  are 
to  the  other  beams  by  clinching  spikes,  which  have  been  driven  through  the  planks, 
id  the  top  flanges  of  the  beams. 
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The  maximum  span  for  beam  bridges  should  be  30  (t.  Riveted  truss  bridges  or  plale  girdera 
should  be  useit  for  spans  of  30  ft.  and  upwards  for  country  bridges,  and  plate  girders  lor  hcav>*  city 
bridges.  Riveted  bridges  for  spans  of,  say  40  ft.,  arc  more  economical  than  plate  girder  bridges 
and  will  giv-e  fully  as  great  a  length  of  service  if  properly  designed  and  constructed.  The  ends  of 
t>eam  bridges  should  always  be  supported  on  masonry  abutments. 


TABLE  IX. 
Estimated  Quantitifs  for  Standard  Beam  Spans. 
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Standard  angle  railing  for  wing  walls  as  shown  in  Fig.  I 
RaiU  /s  2r  X  ai"  X  i"  X  S'-9"-    Top  of  rail  j'-i" 

I. 

above  grade     Post 

/M"x3"xr 

X  4'-3". 

Weight  of  rails  and  posts  for  one  wing  =  90  lb. 

Steel 


TABLE  X. 
I-Beam     Bridges.     Wisconsin  Highway  Commission, 
Channels  on  outside.     Weight  includes  railing. 
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W                                                                            TABLE   XI. 

H      Depth  is  Inches  of  I-Bbams  for  Different  Spacincs  and  Spans  Required  to  Carry  2o-ton, 

■                   15-T0N  and  10- Ton  Auto  Trucks  and  30  per  cent  Impact.     Dead  load  100  lb. 

PER  sQ.  FT.     Minimum  Weights  of  I-Beams  are  Used. 
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The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  he  ukcn  equal  to  the 

■pacing  of  the  joists  divided  by  six  feet  when  reinforced  concrete  floor  is 

used. 

Tlic  uuuidc  bcamft  to  be  the  same  as  the  intermediate  beams. 

1 

■                                                                         TABLE  XII. 
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H       Depth  in  Inches  of  I-Beams  for  Different  Spacincs  and  Spans  Required  to  Carry  20-       J 
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The  nroportion  of  the  eonccntrated  live  load  carried  by  one  joiat  ih 
ipacinff  of  the  joiati  divided  by  four  feet  when  timber  floor  is  used. 

ill  be  taken  equal  to  the 
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'Vhc  ouuiJc  beams  to  be  the  same  as  the  intermediate  beams. 
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PLATE  GIRDERS.— Plate  girders  are  frequently  used  for  highway  bridges.  Where  the 
'conditions  will  permit  deck  plate  girder  bridges  are  to  be  preferred  to  through  plate  girder  bridges 
for  highway  service.  The  details  of  plate  girders  when  used  for  highway  bridges  are  essentially 
the  lamc  as  when  used  for  railway  bridges,  which  sec. 

Details  of  a  steel  through  plate  girder  highway  bridge  as  designed  by  the  Wisconsin  High- 
way Cofftmission  arc  shown  in  Fig.  15.  Standard  plans  have  been  prepared  for  spans  from  35 
ft.  10  Ho  ft.,  varying  by  5-ft.  intervals,  and  for  i6-ft..  i8-ft.  and  2o-ft.  roadway.  Spans  of  35  ft. 
to  60  ft.  inclusive  have  wcba  60  in.  by  -^  in.;  the  65-ft.  and  70-ft.  spans  have  webs  66  in.  by  ^ 
in.;  the  75-ft.  spans  have  a  web  66  in.  to  72  in.  by  {  in.,  while  the  80-ft.  spans  have  a  web  72  in. 
to  78  in.  by  |  in.     For  weights  of  plate  girder  bridges,  see  first  part  of  this  chapter. 

Details  of  a  109-ft.  span  through-plate  girder  highway  bridge  built  over  the  D.  L.  &  W.  R.  R. 
trades  in  Jersey  City,  N.  j.,  are  ifiven  in  Fig.  16.  The  girders  were  designed  for  a  live  load  of  100 
lb,  per  sq.  ft.  on  roadway  and  sidewalk:  while  the  roadway  floor  was  designc<l  for  a  live  load  of  100 
lb.  per  ft<j.  ft.  and  two  13,000  lb.  axle  loads  space<l  to  ft.  apart  with  an  allowance  of  25  per  cent  for 
impact.  The  expansion  vnd  is  carried  on  4-m.  rollers.  The  concrete  has  a  minimum  thickness  of 
d  in.  and  is  covered  with  I  i  in.  of  binder  and  2  in.  of  asphalt.  Each  main  girder  weighed  1 12,000 
lb.;  and  the  total  weight  of  steel  in  the  bridge  was  atx)ut  403,000  lb. 

LOW  RIVETED  TRUSS  BRIDGES.— Low  riveted  bridges  are  made  with  either  Warren  or 
Pratt  trusses,  the  Warren  truss  usually  being  preferred.  The  upper  chorda  should  be  made  of  two 
angles  and  a  plate,  two  channels  laced,  ur  two  channels  with  a  lop  co\*er  plate  and  lacini;  on  the 
bottom  side  of  the  memlx-r.  The  lower  chord  and  the  web  members  are  made  of  two  angles  placed 
in  the  same  relative  positions  as  in  the  upper  chords. 

Details  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  carried  on  steel  stringers 
W  joists,  as  designed  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  17.  The  commission 
prepared  standard  plans  for  spans  from  35  ft.  to  H5  ft.  and  with  i6-ft.  and  rS-ft.  roadway. 
^Spani  o^'e^  65  ft.  in  length  have  one  end  supiwrted  on  rockers.  Spans  65  ft.  or  less  in  length  hav-e 
one  end  supported  on  sliding  plates. 

Details  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  carried  directly  on  thfc 
;floorbcarns,  as  designed  by  the  luwa  Highway  Commission^  are  shown  in  Fig.  18.  The  commission 
ktiM  pre|>arcd  standard  plans  for  spans  from  35  ft.  to  100  ft.  and  with  i6-ft.  and  i«-ft.  roadway. 
Spans  more  than  65  ft.  in  lengt  h  have  one  end  supported  on  rockers.  Spans  65  fi.  or  less  in  length 
have  one  end  HUpjKirted  on  sliding  plates.  The  rcinfirrced  concrete  floor  slabs  have  a  thickness  of 
'I  in.  for  an  H-ft.  8|>an,  of  H  in.  for  a  9-ft.  span,  and  nf  8j  in.  for  a  lt>-ft.  span.  The  slal>s  are  rein- 
top  and  bottom  with  J  in.  square  oars  spaced  9  in.  centers  and  1}  in.  from  face  of  slab, 
^ransvcrse  bars  )  in.  s(\.  arc  si>aced  about  2  ft.  centers  with  one  bar  over  the  floorbeam. 

Di'tailft  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  as  designed  by  the  Michi- 

f[an  Highway  Commission  are  given  m  Fig.  19.     The  Commission  has  prepared  standard  plans 
or  spans  from  50  ft.  to  100  ft.  by  5-ft.  intervals. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  Fig,  20  is  built 
by  the  American  Bridge  Companv  for  locations  requiring  an  artistic  and  serviceable  bridge  at  a 
muderatc-*  cost.  This  bridge  has  been  built  with  six  panels  and  with  spans  of  90,  96  and  102  ft. 
The  liritlge  in  Fig.  20  has  a  20-ft.  roadway  and  was  designed  for  a  dead  load  of  930  lb.  per  lineal 
foot  of  bridge,  and  a  live  load  of  2,400  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel 
in  this  bridge,  exclusive  of  joists  anci  fence  is,  approximately,  57,000  lb.  The  lloorbeams  are  rolled 
t-beams  and  are  riveted  below  the  chords.  The  top  chords  are  made  of  two  rhannels  with  a  lop 
cover  plate,  the  lower  edges  of  the  channels  being  fastened  together  with  tie  plates — lacing  is  mucn 
better  practice.  The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — tie  plates  are  all 
right  for  this  member.  The  web  members  arc  made  of  2  or  4  angles  laced,  as  shown.  Rods,  not 
shown,  are  used  for  the  lower  lateral  system. 

IVtaiU  of  a  low  riveted  truss  bridge  with  a  reinforced  concrete  floor  as  designed  by  the  Wis- 
consin Highway  Commission  are  gi\'en  in  Fig.  21.     Standard  plans  have  l>een  preparer!  for  spans 
from  35  ft.  to  85  ft.,  and  with  l6-ft.  and  18-ft.  roadway.     One  end  of  all  spans  is  carried  on  sliding 
ilatea  as  shown. 
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Fig.  17.    Low  Tbuss  Span  witu  Stringers. 


Depth  and  Panel  Length  of  Low  Trusses. — The  depths  and  number  of  panels  in  Iowa  Ilinh- 
\y  Commission  low  truss  bridges  with  joists  arc  as  follows:  35  ft.  and  40  ft.  span,  3  panels,  6  ft. 
45  ft.  and  50  ft.  «|«ns,  3  pjineU,  (y\  ft.  deep;  60  ft.  and  65  ft.  spjut.  4  pnni'lB,  7  ft.  dtrp:  70  ft. 
m,  5  panels,  7  ft.  deei>:  80  ft.  and  85  ft.  hfxin.  5  panels.  8  ft.  deep.  For  low  truss  bridges  without 
joists,  35  ft.  span,  4  panels,  d  ft.  deep;  40  ft.  span,  5  panels,  6  ft.  deep;  45  ft.  span,  5  panels.  6J  ft. 
deep;  50  ft.  and  55  ft.  sp:in,  6  panels,  6^  ft.  deep;  60  ft.  s|Kin,  7  panels,  7  ft.  drep;  65  ft.  and  70  ft. 
span.  H  [Mmels,  7  ft.  deep;  75  ft.  sfian,  9  f>ancls,  7I  ft.  deep;  80  ft.  Sfwin,  lo  {lancls,  8  ft.  deep;  85  ft. 
«pan,  10  panels,  8}  ft.  deep:  90  ft.  span,  10  panels.  9  ft.  deep;  95  ft.  span,  10  panels,  9)  ft.  deep; 
100  ft.  span,  10  panels,  10  ft.  deep. 
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Detail  Flaws  of  Thjiougu  High  Truss  Span. 
Commission. 


HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES,— Through  truss  bridges  with  spans  of  from 
So  to  170  ft.,  are  built  with  panllul  chords  and  preferably  with  riveted  joints.  For  spans  of  from 
160  to  230  ft.  bridf^s  arc  usually  built  of  the  Pratt  type  with  inclined  upper  chord  (camel-back) 
trusses.  Above  JJO  ft.,  bridges  are  usually  built  with  the  Petit  tyjie  of  truss.  The  above  limits 
are  approximate  only.  For  long  span  bridges  the  inclined  chord  truss  with  K-bracing  is  rapidly 
taking  the  place  of  the  Petit  truss.  High  truss  pin-connected  bridges  should  never  be  built  with 
less  than  hve  panels. 

Types  of  bridge  adopted  in  the  American  Bridge  Company's  standards  are  as  follows: 

Pratt,  pin-connertcd  trusses 80  to  168  ft.  span 

Pratt,  riveted  trusses 80  to  168  ft.  span* 

Warren,  quadrangular,  ri\*eted  trusses 80  to  152  ft.  span* 

Inclined  chord  Pratt  (camel-back],  pin-connected  trusses i6d  to  220  ft.  span' 

Petit  trusses,  pin-connected aao  ft.  span  and  over 

Examples  of  High  Truss  Highway  Bridges. — Details  of  a  high  truss  steel  highway  bricjge  as 
designctl  by  the  Wisconsin  Highway  Commission  are  shown  in  Fig.  22  and  Fig.  23.  Standard  plans 
have  been  prepared  for  spans  of  yo  It.  to  150  ft.,  varying  by  5-ft.  inlerxals,  and  a  roadway  of  16  ft. 
and  18  ft.  AH  s|>ans  have  one  end  carried  on  rockers  as  shown.  These  designs  liax-e  been  worked 
out  very  economically  by  Mr.  M.  \V.  Torkelson,  bridge  engineer,  and  represent  the  extreme  econ- 
omy of  design  that  will  conform  to  goo<l  practice. 

Details  of  a  high  truss  steel  highway  bridge  as  designed  by  the  Iowa  Highway  Commission  are 
given  in  Fig.  24.  Standard  plans  have  been  prepared  for  spans  of  90  ft.  to  150  ft.  varying  by 
5-ft.  intervals,  and  a  roadway  of  16  ft.  and  18  ft.  All  spans  ha\'e  one  end  carried  on  rockers  as 
shown.  The  designs  arc  well  worked  out  with  the  exception  of  the  collision  strut  in  the  first  panel, 
which  should  be  omitted. 
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TW  druOs  U  a  riveted  trmm  lu^mxy  faridfe  for  ^^  cotrntiy  tralSc  dwipBcd  bjr  Mr.  H.  S. 
Occker,  CoMMltim  Fiy  ii  iw,  D»v,  CoIol,  ve  pvea  m  Fi|.  25  lad  Fi^.  J&^    T^  detaDa  of  a 


i.j«icaer,  uanHfaac  r-apaeer,  ucBrw.  vtao,  are  pvea  m  rwL.  25  aaa  r  if .  jqi.  1  Be  oetaiia  01  a 
BbKCoaaected  Iimm  hj^hwiy  hriit^i  deaipHd  far  uaiaUf  tfuc  are  fiv«a  in  ¥m,  37,  ¥'tg.  iS  aad 
Fie.  >9-  Bc<k  ^  t^^B"^  b^^pB*  iMUMi*!  ttm^ami  pnetxx  m  tht  6^t^  of  wttH  k^jmar  bn(%ca 
lor  UriA  cxMBinr  timfic    For  addhiaoal  riMiain  of  ned  hiskvay  bridcc^  oee  tht  aiitbar*s 


I 


lor  U^  coyBOT  timfic  For  addhiaoal  riMinin  of  steel  hickvay  bridcca*  oee  tJ»e  autbor's 
^rU  Dcjiga  of  Hi(fa«ar  Bndccs." 

■eaaaaric  Dtpdi  nd  Piil  f  itdi  «f  TnaMs.— The  fmnmir  de|itli  aad  panel  Irngtb  of 
trwea  is  not  capabie  of  raatlMfnatkal  calcnfation.  Tbe  ottmnum  dtpth  is  detemuned  by  tbe 
leqinred  dear  head  roon,  vhicfa  varies  from  t^l  10  15  ft.  Shoit  panel  Icn^ha  give  h^mxy  iiuilj 
and  Gght  Adot  systems;  wfasfe  Iobk  panels  pre  Kcht  trasses  and  heavy  ioor  ijiilMni  For  onfinaiy 
i.Mndit>i,nw  it  is  not  eoaaooHcal  to  ve  panel  faaifChs  less  than  15  ft.  Cor  abort  spaas  nor  more  than 
35  ft  lor  lone  apB""^  The  imniifiium  depch  for  thros^  spans  k  abovt  16  fert  where  the  ffeor- 
beams  are  pbced  belov  the  hiwtr  chorvkw  To  make  a  stiff  stmctaie,  the  depth  dhonki  be  snfi- 
dent  to  pennit  the  pbcing  of  the  floofbr  ■—  ihovt  the  loner  chords  and  to  permit  of  efident  portal 
and  sway  bradnc.  Experienoe  has  shown  that  the  most  ccxmooncal  comfitkins  oocor  when  the 
angle  #,  the  tangent  of  wbicb  b  the  panel  knsth  <fivided  by  the  depth,  is  abont  40  degrees^  The 
lop  chord  points  of  bridfcs  with  iachoed  cbords  sbonld  be  appnndmately  on  a  parabola  p^— ^-g 
throuf^  the  pin  at  the  idp. 

Dcpdi  md  P— el  f  fnglh.  «l  High  Tkunes. — ^The  depths  and  number  of  pinds  in  Iowa  High- 
wny  Cisnniisiiiin  high  trnrn  riveted  bridgcfc  are  as  Mkma:  Pratt,  ri^vtcd  trusKs,  90'ft.  spoiLf  5 
paaeK  >oh.  deep;  ioo4t.  and  iio-ft.  spans,  6  pancb»  ao  ft.  deep;  iTOft.  spaa,  7  panels.  30  ft. 
deep:  t^o^t.  span,  8  panels^  21  ft.  deepL  Tbe  depths  and  mimber  of  panels  in  m^mnwa  Highway 
CnniiiiiMiiwi  high  truss  riv«ted  bridges  are  as  lellona:  90-fu  and  96-ft.  span.  6  panels,  18  ft.  deep; 
too»ft.  span.  6  panels,  jo  ft.  deep;  105-ft.  span,  7  panels,  20  ft.  deep;  I  jo-ft.  span,  8  panels,  ao  U. 
deep:  ij8-fi.  span,  8  paneh^  3i  ft.  deep;  i4o>ft.  span,  8  panefa;  20  ft.  deep  at  hip  and  27  ft.  deep  at 
center;  1 50-ft.  span.  8  psncls.  30  ft.  deep  at  hip  and  28  ft.  deep  at  center. 

The  depths  and  mtmber  of  panels  m  American  Bridge  Conspnoy's  high  trum  bridges  are  an 
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faOowa:  Rtvcted  and  pin-oonnected  tnases  with  painlirf  chords  Si^ft.  to  90-ft.  span.  5  nanefa^ 
depth  e(|ua]  to  panel  length;  90-  to  i3o4t.  span,  6  paneK  depth  equal  to  panel  length;  i2o4t.  span 
to  l|0-fL  span,  7  panelsv  <^^P^  cq:ual  to  pand  kflgth,  120-ft.  to  168-ft.  span,  S  panels,  ratio  of 
depth  to  panel  length  i.i.  ror  bridges  with  inclined  chords  with  spans  of  162  tt.  to  180  ft^  9 
pwoeli^  aod  ratios  of  depth  to  panel  length  of  l.o,  i.t6,  1.25  and  1.29;  190-ft.  to  220-ft.  spaa,  9 
pancH  *^  ratios  of  depth  to  panel  length  of  1.0,  1.24.  1.28  and  143.  For  Petit  tnisaea.  2JO-ft. 
to  776-ft.  span,  12  panda,  and  ratios  of  depths  to  paiiet  length  of  1.0,  1.4,  1.6  and  1.7;  294-lt.  to 
5J2-it.»pnn.  14  ptinch^  and  ratios  of  depth  to  pand  length  of  1.0,  1.36,  1.60,  1.8  and  3.O. 

SHOES  AJID  FCDBSTALS. — ^The  bridge  rests  00  shoes  or  pedwriK  the  loads  being  trans- 
fcrred  to  the  shoes  in  pifwnanected  bridges  by  means  of  pins,  and  throngh  the  liwted  jotnts  in 
riwtnd  hridgfi  The  shoes  at  the  expansion  ends  of  the  bridge  are  placed  on  smooth  sliding  plates 
for  bridges  of  leas  than,  say,  65-ft.  spaa,  and  on  aesu  of  roHera  or  rockers  for  spans  of  greater 
*T1g^  The  action  of  the  rollers  nndcr  the  expanaioo  ends  of  ri^'rted  bridges  will  be  much  more 
«<iifaniM|  if  the  shoes  are  pin<Dai}ected  to  the  tnns  tbe  same  as  for  pin-connected  11111 1, 
RoAerm  ahoold  be  made  with  as  large  diameters  as  practicable  in  order  to  reduce  the  preaame  on 
tbe  base  pUse  and  also  to  reduce  tbe  resistaooe  to  movrment.  Experience  shows  that  even  for 
Eghl  bridgn  roUers  smaller  than  3  in.  diameter  are  practically  worthless.  To  ccooocniae  apace, 
■  giia  itfal  rotten,  as  shown  in  Fig.  35.  Chapter  IV,  are  often  used  for  heavy  ^aas^ 

It  is  usual  to  specify  that  a  moi-efnent  produced  b\'  a  variation  of  150  degrees  Fahr.  be  pro- 
vided (or.  The  coefficient  of  expanaioa  of  steel  is  approximately  0.0000067  per  degree  Fahr.. 
whirh  makes  it  nccesBar>-  to  pro^-ide  for  approximatdy  one  inch  of  nxn^eroent  for  each  80  ft.  of 
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niicre  both  bridge  seats  are  of  the  same  height,  the  fixed  end  is  carried  oa  cast  iron  pedeatal 
blocks.     Tbe  blocks  are  usually  made  with  recesses  (honeycombed)  to  reduce  the  weight. 

The  Illinois,  Iowa  and  Ulsoonsin  Highway  Commissinni  use  rockers  in  the  place  of  nJlers 
lor  h%hway  bridges^     DetaSs  of  rockers  are  shown  in  Fig.  17.  Fig.  18,  Fig.  25,  and  Fig.  34.     The 
of  the  Illinois  Hi^wav  Commiasioa  contain  the  provision  that  rockers  shall  be  made 
cast  iron  as  speciSed.     They  shall  lu\-e  a  thickness  of  not  leas  than  2\  in.  for  spans  of  45  ft.  or 
aad  a  thickness  of  3  in.  for  spans  exceeding  45  ft.  in  length,  but  in  no  case  shdl  the  unit  cora- 
■vr  stress  exceed  9,000-40  />  lb.  per  aq.  in.     All  rockers  shall  ha\T  bearing  surfaces  turned  to 
a  MaMoim  radius  and  smooth  surface  and  shall  be  prtnided  with  two  3-in.  holes  through  the  web  to 
handling. 
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EiEcmtc  l/cffT  Pole, 
ZO^ 5t- ViAOucT,  OemrEfi,Couh 


PENCE  AND  HUB  GUARDS. — The  fence  on  steel  bridges  is  commonly  made  of  two  lines 

of  clianncls  or  two  lines  of  angle:*  with  angle  ptosis.     Posts  should  not  be  sjxiced  farther  apart  than 
8  ft.  to  10  ft. 

A  ^a  pipe  railing  with  gas  pipe  posts  is  In  frequent  use.  The  posts  should  be  spaced  not  more 
than  8  ft.  apart.  Details  of  the  fence  and  light  poles  for  the  20th  bt.  Viaduct,  and  the  fence  on 
2^d  St.  Viaduct,  Denver.  Colo.,  designed  by  Mr.  H.  S.  Crocker,  consulting  engineer,  arc  shown  in 
Fig.  3O' 
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PART  I.     DESIGN. 

General  Descriptiom. 

1.  CUsses. — Bfidgcs  under  theae  specifications  are  divided  into  eight  classes,  as  follows; 
Ctas»  A. — For  city  traffic. 

Class  B- — For  suburban  or  intcrurban  traffic  with  hcav*y  electric  cars. 
Class  C. — For  country  roads  with  ordinary  traffic  and  light  electric  cars. 
Class  Di. — For  country  roads  with  heavy  traffic. 
Class  D»- — For  country  roads  vfith  Hght  traffic. 
Oass  El. — For  heavy  clettric  street  railways  only. 
Class  E». — For  medium  electric  street  railways  only. 
Class  E(. — For  light  electric  street  railways  only. 

2.  MateriaL — All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  flooring,  floor 
joists  and  wheel  Kuards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
machinery  of  movable  bridges,  for  wheel  guards,  and  in  special  cases  for  Ixxl  plates. 

3-  Types  ol  Truss, — ^Tiie  following  types  of  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  bcama. 

Spans  from  30  to  80  ft. — Riveted  plate  girdere,  or  riveted  low  trusses  for  classes  A,  B,  Ei, 
Es  and  E»:  and  ri\'eted  low  truces  for  clas^-s  C,  Ui  and  D|. 
Spans  80  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  200  ft. — ^Pin-connectcii  trusses  of  the  Pratt  type  w-ith  inclined  chords. 
Spans  over  200  ft. — Pin<onncctcMl  trusses  of  the  Petit  type  or  K-type. 

4.  htngth  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
«]Htuicc  between  centers  ol  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
riveted  trusses  and  for  girders,  and  center  to  center  of  trusses  for  lloorbeams. 

5.  Form  of  Trusses, — The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
through  trusses  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  cnord  at  each  end 
shall  be  (nadc  ri^id  mL-mbcrs  if  the  wmd  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bri^I^;t■s  the  fltiorlvams  shall  Ix-  riveted  above  or  bflow  the  lower  chord  pins. 

6.  Lateral  Bradog.^AIl  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracing 
must  be,  nude  of  6ha[>es  capable  of  resisting  compression  as  well  as  tension,  and  shall  ha>'e  riveted 
connections.  Low  trusses  and  through  plate  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  flo<:)rbeam. 

7.  SfMcing  of  Trusses. — For  bridges  carrying  electric  cars  the  clear  width  from  the  center  of 
the  track  rfiall  not  he  less  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centcp*  of  trusses  shall  in  no  case  be  less  than  nne-twentieth  of  the  span  Ix^tween  the  centers  of 
cnd-piR'*  "r  shf»es.  and  qhaM  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room. — For  classes  A,  B,  C,  Di,  E|,  E,  and  Ej  the  clear  head  room  for  a  width  of 
eight  (8)  ft.  on  each  track,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  than 
15  ft-,  and  for  clasw  I),  not  less  than  laj  ft. 

9.  Foocwalkft. — Where  footwalks  arc  required,  they  shall  generally  be  placed  outside  of  the 
trusses  and  t>c  supported  on  longitudinal  fn-ams  rvsting  on  overhanging  steel  brackets. 

10.  Handraiiing. — A  strong  and  suitable  handrailing  shall  be  plactxl  at  each  side  of  the  bridge 
and  be  tii^'i'lly  aiUKTie<l  to  the  superstructure. 

11.  Trestle  Towers. — Trestle  bents  shall  preferably  l>e  comiwsed  of  two  supporting  columns, 
two  bents  forming;  a  tower;  each  tower  thus  formed  f<hall  lie  thoroughly  bmcrfl  in  both  directions 
and  have  struts  Ijctween  the  feet  of  the  columns.  The  feet  of  the  columns  must  Ix-  securvd  to 
aa  uichoragc  capable  of  resisting  one  and  one-half  times  the  specified  wind  forces  ($89). 

*  Reprinted  from  the  author's  "The  Design  of  Highway  Bridges.'* 
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Each  tower  shall  have  a  suffiricnt  base,  longitudinally  to  bo  stable  when  standing  alone, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  than 
30  ft. 

12.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  dimcn- 
bions  of  all  ihe  parts,  modes  of  construction  and  sectional  areas. 

13.  Drawings. — l.'imn  the  acceptance  and  the  executiim  of  the  contract,  all  working  drawings 
required  by  the  engineer  shall  be  furnished  free  of  cost  (§168). 

14.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  have  been  approved  by  the  engineer  in  writing. 


FLOOR  SYSTEM. 

15.  Floorbeams. — All  floorbeams  shall  be  rolled  or  riveted  steel  cirders,  rigidly  connected 
to  the  trusses  at  the  panel  {xiints,  or  may  bir  placud  on  the  top  of  deck  bridges  at  panel  points. 
Floorbeams  shall  preferably  be  scjuare  to  the  trusses  or  girders. 

lO.  Joists  and  Stringers. — All  joists  and  stringers  of  bridges  of  classes  A,  B,  Ei,  Ej  and  Ei 
shall  t>e  of  steel.  Joists  for  classes  C,  Di  ami  Dj  may  bu  either  of  woix!  or  ste<'I  as  si>ecified. 
Steel  joists  shall  be  securely  fastened  to  the  cross  fiiHirlM?ams,  and  steel  stringers  shall  preferably 
be  riveted  to  the  webs  of  lloorbcams  by  means  of  connection  angles  at  least  rt  '"•  thick. 

17.  End  Spacers  for  Stringers. — Where  end  lloorln-ams  cannot  lie  used,  stringers  resting  an 
masonry  shall  have  cross-lraines  at  their  ends.  These  frames  shall  be  riveted  to  |<;irder  or  truss 
shoe  where  practicable. 

ifi.  Wooden  Joists. — Woodnn  floor  joists  shall  he  spaced  not  more  than  2\  ft,  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  lliwrbeams,  and  shall  be  separated  ^  in. 
(or  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  The  nroportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to 
the  spacing  of  the  joists  in  feet  divided  by  four  feet.  No  impact  shall  be  considered  in  the  design 
of  wooden  joists,  planks  or  ties.  Oak,  longleaf  yellow  pine  and  Oregon  fir  shall  be  designed  for  a 
safe  bending  of  1,500  lb.  per  sq.  in.,  bearing  across  (he  fil>cr  of  400  lb.  per  sq.  in.,  and  shearing  along 
the  grain  of  140  lb.  per  sc].  in.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the  inter- 
mediate joists. 

19.  Steel  Joists. — Steel  I-beams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one- 
thirtieth  of  the  a[>an,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  The  proportion 
of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the  spacing  of  the  joists 
in  feet  divided  by  four  feet  when  timber  flooring  is  used,  and  divided  by  six  feet  when  a  reinforced 
concrete  or  other  rigid  Hoar  is  used.  Outside  joists  sliall  be  designed  for  the  same  live  loads  as  the 
intermediate  joists. 

20.  Floor  Plank. — For  single  thickness  the  roadway  planks  shall  not  be  less  than  3  in.  thick 
nor  less  than  one-eighth  ol  the  distance  between  centers  of  joists,  and  shall  be  laid  transversely  with 
}  in.  openings  and  securely  spiked  to  each  joist.  Ail  plank  shall  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  required  it  shall  be  1 J  in.  thick,  and  the  lower  planks  of  a 
minimum  thickness  of  3  in.  shall  be  laid  diagonally  with  ^  in.  openings. 

21.  Footwalk  plank  shall  be  not  less  than  3  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
)  in,  openings. 

All  planlc  shall  be  laid  with  heart  side  down,  shall  have  full  and  e\cn  bearing  on  and  be  firmly 
attached  to  the  joists. 

22.  Wheel  Guards. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 
provided  on  each  side  of  the  roadway.  They  shall  be  spliced  with  half-anrl-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  |  in.  holts,  spaced  not  to  exceed  5  ft.  apart. 

23.  Solid  Floor. — For  bridges  of  classes  A  and  B  a  solid  lloor,  consisting  of  wooden  blocks, 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  con- 
sist of  buckle  plates  or  corrugated  sections  or  reinforced  concrete  slabs,  and  a  waterproof 
concrete  (bitumen  or  cement)  bed  not  less  than  3  in,  thick  for  the  roadway  and  3  in.  thick  (or  the 
footwalk,  over  the  highest  point  to  lie  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shall 
be  laid  with  a  slope  of  at  least  one  inch  in  [o  ft. 

Reinforced  Concrete  Floor. — See  specifications  for  reinforced  concrete  floor  on  page  ii3  h, 
and  distribution  of  luads  on  page  112  f. 

24.  Buckle  plates  shall  not  be  less  than  A  in.  thick  for  the  roadway  and  J  in.  thick  for  the 
footwalk.     The  t  rown  of  the  plates  shall  not  t>e  less  than  2  in. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard  on  each  side  of 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6  in.  above  the  finished  paving  at  the  gutter. 
The  curb  shall  be  so  arranged  that  it  can  be  removed  and  replaced  when  worn  or  injured.  There 
shall  also  be  a  metal  edging  strip  on  each  aide  of  the  footwalk  to  protect  and  hold  the  paving  in 
place. 
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26.  Drmizuge. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of  the  metal  work. 

37.  Floor  of  Classes  Ei,  Ei,  and  E,. — The  floors  of  classes  Ei.  E^^  and  Ei  shall  consist  of 
croaa-ties  not  less  than  6  in.  by  6  in.  for  stringers  spaced  6i  ft.:  and  larger  for  greater  spacings, 
ihey  shall  be  spaced  with  openings  not  exceeding  6  in.,  shall  be  notched  down  i  in.,  and  secured 
to  the  supporting  stringers  by  J  in.  bolts  spaced  not  over  6  ft.  apart.  The  tics  shall  extend  the 
full  width  of  the  bridge  on  deck  bridges,  and  every  other  tic  shall  extend  the  full  width  in  through 
bridgea  to  carry  the  foirtwalk.  Ties  shall  be  desjgned  for  the  same  allowable  unit  stresses  as 
wooden  joists. 

There  shall  be  ^uard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  side  o( 
each  track,  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  i  in.  over  every  lie,  and  shall  l)c  spliced  over  a  lie  with  a  half-and-half  joint  with  6  in. 
lap.  Each  guard  timber  shall  be  fiistened  to  every  third  tie  and  at  each  splice  with  a  |  in.  bolt. 
All  heads  or  nuts  on  the  upper  faces  o(  ties  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART   II.     LOADS. 

38.  Dead  Load. — The  dead  load  will  consist  of  (i)  the  weight  of  the  metal,  and  (3)  the  weight 
of  the  timber  in  the  flojr,  or  of  the  material  other  than  steel.  In  deiermining  the  dead  load  the 
weight  of  oak  or  other  hard  wood  shall  be  taken  at  4  J  lb.  per  foot  board  measure,  and  the  weight 
of  pine  or  other  soft  woods  at  3J  lb.  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  concrete  and 
pavir^  brick  at  150  lb.,  and  of  granite  at  160  lb    per  cu.  ft. 

The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  to 
weigh  not  less  than  100  lb.  per  Hneal  foot  of  track. 

39.  Live  Load. — The  bridges  of  diffeivnt  classes  shall  be  designed  to  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Class  A.  For  Ciiy  Traffic.— For  the  rtfK)r  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  conconiruted  load  of  34  tons  on  two  a.vles  10  ft-  centers  and  5  ft. 
ICagc  (assumed  to  occupy  I3  ft.  in  width  for  a  single  line  or  22  ft.  for  a  double  line),  and  upon 
the  remaining  portion  of  the  floor,  a  load  of  135  lb.  per  sq.  ft.  and  a  concentrated  load  us  for  class 
Di.     Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  B.  For  Suburban  or  Interurban  Trajjic.—V or  tht  floor  and  its  supports,  on  any  part 
of  the  roadway,  a  concentrated  toad  of  12  tons  on  two  axles  10-ft.  centers  and  5-ft.  gage  (assumed 
to  occupy  a  width  of  13  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
axles  lo-ft.  centers:  and  on  the  remaining  portion  of  the  floor,  a  load  of  135  lb.  per  sq.  ft.  and  a 
concentrated  hud  as  for  class  V)\.     Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  C.  For  Highway  and  Light  Interurban  Traffic. — For  the  floor  and  its  supports,  on 
any  part  of  the  roadway,  a  concentrated  load  of  I3  tons  on  two  axles  lo-ft.  centers  and  5-fl.  gage 
(aasumcd  to  occupy  a  width  of  13  ft.),  or  on  each  street  r^ir  track  r  concentrated  load  of  iB  tons 
on  two  axles  lO-ft.  centers;  and  upon  the  remaining  portion  of  the  floor,  a  load  of  135  lb.  per  sq.  ft. 
and  a  concentrated  load  as  for  class  D|.     Sidewalks  a  load  of  100  lb.  per  aq.  ft. 

I.oads  for  the  trusses  as  per  Table  L 

Class  Di.  Heavy  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  1 25  lb.  per  sq  .ft. 
of  total  floor  surface  or  a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  with  a  6-ft.  gage, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and 
33  ft.  long.     The  rear  wheels  to  have  a  width  of  20  in. 

Loacu  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Qass  D%.  Oridnary  Country  Bridges. — For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
■q.  ft.  of  total  floor  surface  or  a  i  Vton  motor  truck  with  axles  space<i  10  ft.  and  wheels  with  a  6-ft. 
age,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with  10  tons  on  rear  axle  and  5  tons  on 
Iront  axle,  and  with  rear  wheels  15  in.  wide. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  ot  leas 
liian  800  lb.  per  lincil  ftK)t  of  bridge. 

Class  E\,  For  Heavy  Ettctric  Railways  Only. — On  each  track  a  scriea  of  concentrations 
oonsisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  ^  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  id  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  40,000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6,000 
lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  recluccd  to  4,500  lb.  per  lineal  foot  for  spans  of  300  ft. 
and  over,  and  proportionately  for  intcrmetliatc  spans. 
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Class  Ej.  For  Medium  EUxiric  Railways  Only.— On  each  track  a  aeries' of  concenlrations 
consisting  of  two  pairs  of  trucks,  the  axksuf  the  pairs  being  spaced  5-lt.  centers,  while  the  distance 
between  centers  t)i  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15-ft.  centers.  The 
axles  are  loaded  with  a  k>ad  of  23,000  lb.,  making  a  total  tuad  of  loo,oou  lb.  Or  a  uniform  load 
of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  2  000  lb.  per  lineal  foot  for  spans 
of  300  ft.  and  over»  and  proportionately  for  intermediate  spans. 

Class  El.  For  Lt^ht  Elrrtric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5-ft.centcrs,  while  the  distance 
between  centers  of  interior  axles  is  lo  ft.,  the  pairs  of  trucks  lx.'ing  spaced  15-ft.  centers.  The 
ajdes  are  loaded  with  a  load  r)r  20.000  lb.  making  a  total  toad  of  Su.ooo  lb.  Or  a  uniform  load  of 
3,500  lb.  per  lineal  fool  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lb.  per  lineal  fool  for  spans  of 
300  ft.  and  over,  and  proportionately  lor  intermediate  s]>ans. 
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30.  Wind  Loads.^The  lateral  bracing  in  the  unloaded  chords  of  tru&s  bridges  shall  be  designed 
for  a  lateral  wind  load  of  i^a  Ui.  [xr  lineal  foot  of  bridge,  considered  as  a  moving  loatl.  The  lateral 
bracing  in  the  loaded  chords  of  truss  bridges  shall  be  designed  for  a  lateral  wind  load  of  300  lb.  per 
lineal  kkiI  of  bridge,  considered  as  a  moving  load.  For  spans  o\Tr  300  ft.  each  of  the  above  load- 
ings shall  be  increased  10  lb.  for  each  20  ft.  increase  in  span.  In  highway  bridges  not  carrj'ing 
electric  c^rs  the  end-posts  of  through  and  deck  bridges  and  the  intermediate  posts  of  through 
bridges  shall  be  designed  for  a  combination  (i)  of  the  dead  load  stresses  and  the  total  live  load 
stresses;  or  (2)  of  the  dead  load  stresses,  the  (ive  load  stresses,  the  impact  and  centrifugal  stresses, 
and  one-half  the  total  wind  load  stresses.  In  low  truss  bridges  and  plate  girders  not  carrying 
electric  cars  the  wind  Joad  on  the  unloaded  chord  may  be  omitted  and  the  lateral  bracing  be  de- 
signed for  a  lateral  wind  load  of  300  lb.  fKT  lineal  foot  treated  as  a  moving  load.  In  bridges  with 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  through  the 
sway  bracing. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  lateral 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloaded,  the 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  100  lb.  for  each  vertical  lineal  foot  of 
trestle  bent. 

32.  Temperature. — Stresses  due  to  a  variation  in  temperature  of  150  degrees  shall  be  pp^ 
vided  for  (§81). 

33.  Centrifugal  Force  of  Train. — Structures  located  on  curves  shall  be  dcsicncd  for  the 
centrifugal  force  of  the  live  load  acting  at  the  top  of  the  rail.  The  centrifugal  force  snail  be  calcu- 
lated by  the  following  formula:  C  »  (o  043— 0.003  P)  W'P;  where  C  "centrifugal  force  in  lb.; 
ir— weight  of  train  in  lb.;  and  />  — degree  of  curvature. 

34.  Longitudinal  Forces.^The  stresses  produced  in  the  bracing  of  the  trestle  towers,  in  any 
members  of  the  truyses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearings,  by  sud- 
denly stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provided  for; 
the  coefiicient  of  friction  of  the  wheels  on  the  rails  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 
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PART   III.    UNIT  STRESSES  AND   PROPORTION   OF   PARTS. 

36.  TTnit  Stresses. — All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified  by 
Us  and  648. 

ImpacL — ^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maximum  live 
load  stresses  as  follows: 

For  the  floor  and  its  supports  including  floor  slabs,  floor  joist,  floorbeams  and  hangers,  30 
per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  —  loo/(  L  +  300),  where  L  -  length  of  span  for  simple  highway  spans  {for  trestle  bonis,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

7.  Tension. — Axial  tension  on  net  section 16,000 

he  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not  exceed 
?oo  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection  of  the 
unsupported  portion  of  the  member  is  to  be  ironsidcre<I  as  the  eflfcctivc  length. 

38.  Compression. — Axial  compression  on  gross  section 16,000  —  7o7/r 

with  a  maximum  of  14,000  lb.;  where  "/"  is  the  length  of  member  in  inches  and  "r"  is  the  least 
radius  of  gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
|r>*ratinn  (or  main  members  or  120  times  for  laterals  for  classes  A,  B.  C,  Ei,  E|,  and  Ei;  or  125  times 
Its  least  radius  of  g>Tatinn  for  main  members  or  150  times  for  laterals  for  classes  Di  and  D^. 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section 16,000 

on  extreme  fibers  of  pins 24.000 

40.  Shearing. — Shearing:  shop  driven  rivets  and  pins 13.000 

field  driven  rivets  and  turned  bolts lO.ooo 

plate  girder  webs;  gross  section 10,000 

Bearing. — Bearing:  shop  driven  rivets  and  pins 34,000 

field  driven  rivets  and  turned  bolts 30,000 

granite  maaonr\'  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  linear  inch 6ood 

where  "d'*  is  the  diameter  of  the  roller  in  inches. 
Rivets  shall  not  be  used  in  direct  tension,  except  for  lateral  bracing  where  una\t>idablc;  in 
which  case  the  value  for  direct  tension  on  the  ri\'et  shall  be  taken  the  same  as  for  single  shear. 

43.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  l)c  pro[xirtioned  for  the  sum  of  the 
stresses. 

43.  Angles  in  Tension. — When  single-angle  members  subject  to  direct  tension  arc  fastened  by 
one  leg,  only  scvcnty-fi\'e  per  cent  of  the  net  area  shall  be  considered  effective.  Angles  with  lug 
angle  connections  shall  not  be  considered  as  fastened  by  both  legs. 

44.  Net  Section. — In  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduction  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivct-hoica 
shall  be  taken  a^  having  a  diameter  \  in.  greater  than  the  normal  size  of  rivet. 

^.  Long  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 

rl  IS  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses. — The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
oced  not  be  considered  except  as  follows: 

t.  >Vhen  the  direct  win  I  stresses  per  square  inch  in, any  mcanber  exceed  25  per  cent  of  the 
■treaaes  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  tlien  be  increased 
until  the  total  unit  stre^  shall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 
strvia  for  dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  combination  with  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  flexural  8lrcs.»es  due  to  wind  are  considered  50  per  cent  may  be  added 
to  allowftble  stresses  for  dead  and  live  loads,  prfividcd  the  area  thus  obtamed  is  not  less  than  re- 
quired for  dead  and  live  loads  atone,  or  for  dead,  live  and  direct  wind  loads  designed  as  in  (46. 

47.  Combined  Stresses. — Memltcrs  subjected  to  direct  and  bending  stresses  shall  be  designed 
ao  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable  unit  stress  on  the  member. 
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48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  thu  filx.T  stress  due  to  wciglit  and 
eccentric  loading  on  any  member  exceeds  10  per  ct-nt  of  the  allowable  unit  stress  on  the  member 
Buch  excess  must  bo  considered  in  proportioning  the  member.     See  §46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increase 
of  the  live  load  of  2S  per  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  cent. 

50.  Design  of  Plate  Giirders. — Plate  girders  shall  he  proporlioned  cither  by  the  moment  of 
inertia  of  their  net  section;  or  by  assuming  that  the  flanges  are  conceiitralcd  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  shall  be  not  less  than  A  in.,  nor  less  than  1/160  of 
the  unsupported  distance  between  flange  angles. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  gross  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanges 
stayed  at  each  end  of  every  fioorbeain,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by 
knee  braces  or  gusset  plates.  The  stress  fwr  sq.  in.  In  compression  flange  of  any  beam  or  girder 
sh;>ll  not  excectl  16,000  —  200-lfb,  when  flange  consists  of  angles  only  or  if  cover  consists  of  flat 
plates,  or  16,000—  150  Ifb  if  cover  consists  of  a  cliannel  section,  where  /  =  unsupported  distance 
and  b  ="  width  of  llangc. 

51.  Web  Stiffeners. — There  shall  be  web  stifFeners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  tAt  "^  the 
unsupported  dislanrc  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
clear  depth  of  the  web):  d  =  /  (12,000  —  j)/40. 

Where  d  «  clear  distance,  between  stiffeners  of  flange  angles;  /  «  thickness  of  web;  s  •■  shear 
per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  bv  the  formula 
of  paragraph  38,  the  cfTcctivc  length  being  assumed  as  one-half  the  depth  of  girders,  £nd  stilTeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.  Intermediate  stiffeners  may  be 
offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder,  plus  2  in. 

52.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  elTective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  dirttily  on  the  flange.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  ties. 

5J.  Depth  Ratios. — Trusses  shall  preferably  ha\'e  a  depth  of  nrit  less  than  nne-lenth  of  the 
siian.  Plate  wirders  and  rolled  beams,  used  as  girders,  shall  prefcrahly  have  a  depth  of  nut  less 
than  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  arc  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded.     For  steel  joists  and  track  stringers,  see  5  19. 

54.  Low  Trusses. — Ri\'ctefl  low  trusses  shall  have  top  chords  composed  of  a  double  web  mem- 
ber with  cover  plate.  The  top  chords  shall  be  stayed  against  lateral  bending  by  means  of  brackets 
or  knee  braces  rigidly  connected  to  the  floorbeam  at  inter\'als  not  greater  than  twelve  times  the 
width  of  the  cover  plate.  The  posts  shall  be  solid  web  members.  The  floorbeams  shall  be  riveted, 
preferably  above  the  lower  chord.     Pin-connected  low  truss  bridges  shall  not  be  used. 

55.  lloUed  Beams. — Rolled  beams  shall  Ije  designed  by  using  their  moments  of  inertia.  The 
webs  of  rolled  beams  and  plate  girders  shall  be  assumed  to  take  all  the  shear. 

PART   IV.     DETAILS  OF   DESIGN. 
General  Reqi;irI':.\if.nts. 

56.  Open  Sections. — Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for  In- 
spection, cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes, 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall  be  so  designed  that  the  neulml  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

59.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  oijcn  turn- 
Duckles. 

60.  Strength  of  Connection8.^The  strength  of  connections  shall  be  suflSrient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  subjectr<I  being  considered. 

61.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  ^  in.  in  classes  A,  B, 
C,  El,  El  and  E|,  except  for  fillers;  and  \  in.  in  classes  Di  and  Dj,  except  for  fillers  and  webs  of  chan- 
nels. Webs  of  channels  for  classes  Di  and  Da  may  have  a  minimum  thickness  of  0.20  in.  The 
minimum  angle  shall  be  2  in.  x  2  in.  x  i  in.  The  miiiinmm  rod  shall  have  an  area  of  at  least 
1  sq.  in.,  in  all  classes  except  D,  and  Dj,  which  shall  ha\'e  no  rods  less  than  J  in.  in  diameter.  Webs 
of  plate  girders  shall  not  be  less  than  A  *". 

62.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  di-  '  ill  preferably  be  not  less  than  3  in.  for  |-in.  rivets. 
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2|  in.  for  J-in.  rivets,  and  2  in.  for  f-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for 
meml>cr5  composed  of  plates  and  shapes  shall  be  |6  times  the  thickness  of  the  thinnest  outside 
(^te  or  6  in.  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  I2  in. 
a(>art  in  cither  direction  shall  be  used  to  hold  the  plates  well  ttjgether.  In  tension  members  com- 
posed of  two  anvjlcs  in  contact,  a  pitch  of  12  in.  will  Ik*  allowed  fur  riveting  the  angles  together. 

63.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  sihall  be  1 1  in.  for  I-in.  rivets,  i  i  in.  for  {-in.  rivets,  and  I  i  in.  for  t-in.  rivets,  and  to  a  rolled 
edge  li.  tj  and  I  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  plate  but  shall  not  exceed  6  in. 

64.  Hudznum  Diameter. — I'he  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
»hall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  J-in. 
rivets  may  be  used  in  3-in.  angles,  i-in.  rivets  in  a^-in.  angles,  and  I-in.  rivets  in  3-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  \ye  increased  in  numlx-r  at  least  one  per  cent  for  each  additional  i^-tn.  of  grip. 

66.  Pitch  at  Ends. — The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  <Iiameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

67.  Compression  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  }XJssiblc  in  webs  and  flanges.  The  thickness  of  each  web  ^hall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  ihan  one-fortieth  of  the  distance  between  rivet  lines. 

68.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  ihickncss  of  one-twelfth  of  the  width  of  the  oiitstanHing  !ig. 

69.  Batten  Plates. — The  open  sides  of  all  compression  members  thall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  the  ends  as  practicable,  and  shall  hax'e  a  length  not  less  than  the  greatest  width  of 
the  memlxT  or  i^  times  its  least  width. 

70.  Lattice  Bars. — The  latticing  of  compression  memb>ers  shall  be  proportioned  to  resist 
the  shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 
column  fortnuta  in  paragraph  38  by  the  term  70 //r.  They  must  not  be  less  in  width  than  1)  in. 
for  member:*  6  in.  in  width,  ij  in.  for  members  9  in.  in  width,  2  in.  for  members  I3  in.  in  width, 
2\  in.  for  members  15  in.  in  width,  nor  2J  in.  for  memliers  18  in.  and  over  in  width.  Single  lattice 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lattice  bars  connected  by  a  rivet 
at  the  intersection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connecting  them 
10  the  memlwrs.  They  shall  lie  inclined  at  an  angle  not  less  than  60*  to  the  axis  of  the  mem[>er  for 
iingic  latticing,  nor  less  than  45°  for  double  latticing  with  riveted  intersections. 

71.  Spacing  of  Lattice  Bars. — Lattice  bars  shall  U-  so  space<I  that  the  portion  of  the  flange 
inelude«1  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pitch  of 
the  lattice  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches. 

7J.  Rivets  in  Flanges. — Fivc-cighths-inch  rivets  shall  be  used  fnr  latticing  flanges  less  than 
2\  in.  wide:  Jin.  for  flanges  from  2j  to  3}  in.  wide;  J-in.  rivets  shall  be  used  in  flanges  3J  in.  and 
over,  and  lattice  ban*  with  two  rivets  shall  be  used  for  flanges  over  S  in.  wide. 

71.  Splices. — In  compression  members  joints  with  abutting  laces  planed  shall  be  placed  as 
near  ine  ^nel  points  as  jjossible,  and  must  l>e  splicetl  on  all  sides  with  at  least  two  rows  of  rix-ets 
on  each  side  of  the  joint.  Joints  with  abutting  faces  not  planed  sliall  be  fully  spliced.  Joints  in 
tCHBion  members  shall  be  fully  spliced. 

74.  Pin  Plates. — Where  necessar>',  pin-holes  shall  I3C  reinforced  by  plates,  some  of  which 
must  be  of  tho  full  width  of  the  mrmlx'r,  so  the  allowed  pressure  on  the  pms  shall  not  be  exceeded, 
and  so  the  strcsAes  shall  be  pro[H*rly  distributecj  over  the  full  cross-section  o(  the  memliers.  These 
reinforcing  plates  must  contain  enough  rivets  to  transfer  their  proportion  tti  \.hv  bearing  pres.sure, 
and  at  least  one  plate  on  e*ich  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  the  nearest 
batten  pbite. 

75.  RiTvted  Tension  Members. — Riveted  tension  members  shall  have  an  effective  section 
through  the  pin-holes  25  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 
at  least  75  percent  of  the  net  section  through  the  pin-hole. 

76.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connectetl  upon 
the  turne<l  \nn\y  of  the  pin.  The  diameter  of  the  pin  shall  not  l)e  less  than  J  of  the  depth  of  any 
rye-l»ar  uliached  to  it.*  They  shall  l>e  secureil  by  chambered  l.omas  nuts  or  be  provideil  with 
washers  if  solid  nuts  arc  usctj.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads, 

77.  Pilling  Rings.^Members  packer!  on  pins  shall  !>e  held  against  lateral  movement. 

78.  Bolts. —Wliere  memlwrs  arc  conne<-te<l  by  Iwlts,  the  turned  IxMly  of  these  holts  shall  be 
lung  enough  to  extend  lliroufih  the  metal.     A  washer  at  least  {  in.  thick  shall  be  used  under  the 

*  1*hL*  allowable  bearing  stress  »  {  allowable  tensile  stress. 
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nut.     Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.     Heads  and  nuts  shall 
be  hexagonal. 

79.  Indirect  Splices.— Where  splice  plates  arc  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  Uu  used  on  each  siile  o(  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  numlier  for  each  inter\'ening  plate. 

80.  Fillers. — Rivets  carrying  stress  and  mssing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  [K»bsiblc,  shall  be  outside  uf  the  connected  member. 

81.  Expansion. — Provision  for  expansion  to  the  extent  of  \  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  pre\'enl  cxccssi\'e  motion  at  any 
one  point  (.§3^). 

82.  Expansion  Bearings. — Spans  of  60  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  Jess  length  shall  be  arranged  to  slide  on  smooth  surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  10  permit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  mafMinr>'  (§H7). 

84.  Rollers. — Exjwnsion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  lOO  feet 
and  less,  and  shall  Ik*  increased  l  in.  fur  each  100  ft.  additional.  They  sliall  be  coup]e<l  together 
with  substantial  side  bars,  which  shall  Iw  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  owT 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Built  pedestals  shall  be  made  of  plates  and  angles.  .'Ml 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  The  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vortical  legs.  No  base  platf  or  web 
connecting  angle  shall  be  less  in  thiclcnesa  than  }  in.  The  vertical  webs  shall  be  of  sufficient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 
or  rollers. 

Where  the  aixe  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  trans- 
versely. 

87.  AW  the  bcd-platcs  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  holts  must  not  be  less  than  i  {  in.  diameter;  for  plate  and  other  girders, 
not  less  than  {  in.  diameter. 

The  details  of  cast  iron  or  cast  steel  shoes  shall  be  subject  to  the  special  approval  of  the  en- 
gineer. 

88.  Wall  Plates. — Wall  olatcs  may  be  cast  or  built  up;  and  shall  l>e  so  designed  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.     They  shall  be  secijred  against  displacement. 

89.  Anchorage. — Anchor  bolts  for  viaduct  lowers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry'  ihe  weight  of  which  is  at  least  one  and  one-half  times  the  uplift  (ft  It). 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  surfaces  may  be  level. 

91.  Camber. — Truss  siuns  .shall  be  gn'en  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  chord 
in  the  proportion  of  ^  in.  m  10  ft.     Plate  girder  spans  need  not  be  cambered. 

9^.  Eye-bars. — The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
posfflble,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 
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matp:rials  and  workmanship. 

M.\TERIAL. 

93.  Process  of  Manufacture. — Steel  shall  be  made  by  the  open-hearth  process  and  shall 
comply  with  the  standard  specifications  of  the  Am.  Ry.  Eng.  Assoc. 

(Sections  94  to  117  inrkisive  cover  the  Am.  Ry.  Hng.  Assoc.  Specifications  for  steel,  see 
specifications  for  railroad  bridges,  Chapter  IV.) 

118.  Timber. — The  timber  shall  be  strictly  first -class  spruce,  white  pine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oatc  bridge  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind 
shakes,  large  or  loose  knots,  decayed  or  sapwood.  wormholes  or  other  defects  impairing  its  strength 
or  durability. 

W'oKKMANSntP. 

119.  General. — All  parts  forming  a  structure  shall  Iw  built  in  accordance  with  approved 
drawings.     The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 

120.  Straightening  Material. — .Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  injure  it,  before  being  laid  off  or  worked  in  any  way. 

131.  Finish. — Shearing  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

123.  Size  of  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 
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la^.  Jiirtt  Holes. — When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
be  more  than  -^  in.  Rrcatcr  than  the  diameter  of  the  rivet;  northediametcr  of  thodit:  more  than 
in.  greater  than  the  diameter  of  the  punch.     Material  more  than  }  in.  thick  shall  be  sub-punched 
and  reamed  or  drilled  from  the  solid. 

134.  Punching. — All  punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes 
vrill  not  he  allowed.  If  the  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed. 
Poor  matching  of  holes  will  lie  cause  for  rejection. 

125.  Sub-punching  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  1^  in.  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  ^  in.  larger  than  the  nominal  diameter  of  the  rivet.  All 
reaming  shall  be  done  with  twist  drills.     (4r40.) 

126.  Reaming  After  Assembling;. — When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieies  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
90  marked  that  they  may  be  reassembled  in  the  same  position  in  ihc  final  setting  up.  No  inter- 
change of  reamerl  parts  will  be  allowed. 

127.  Edge  Planing. ^Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  |  in. 

128.  Burrs. —  The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

130.  Lattice  Bars. —Lattice  l>ar5  shall  have  neatly  rounded  ends,  uidess  otherwise  called  for. 

131.  Web  Stiffeners. — StifTeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  aru  called  for.  the  end*  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  Hange  angles. 

132.  Splice  Plates  and  Fillers. — Web  splice  plates  and  fillers  under  stifTcners  shall  be  cut  to 
fit  within  I  in.  of  Hange  antj^les. 

133.  Web  Plates. — Web  plates  of  girders,  which  have  no  cover  plates,  shall  lie  flush  with 
the  backs  of  angles  or  project  above  the  same  not  more  than  |  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  \  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  Connection  Angles. — Connection  angles  for  ftoorbcams  and  stringers  shall  be  flush 
with  each  other  and  correct  ^is  to  pmsition  and  length  of  girder.  In  case  milling  (of  all  such  angles) 
is  needed  or  is  required  after  riveting,  the  rcmo\'al  ol  more  than  ^  in.  from  their  thickness  wul  be 
cauae  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Riveting. —Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  size.  They  shall  bo  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping 
and  calking  will  m»t  be  allowx-d.  Loose,  burnud  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Turned  Bolts. — Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  lie  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  I  in. 
thick  shall  Ik?  uM^'d  under  nut. 

1 38.  Members  to  be  Straight. — The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

139.  Finish  of  Joints. — Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  csperi;dly  where  oixn  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bcanngs  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

140.  Field  Connectiooa. — Holes  for  Aoorbcam  and  stringer  connections  shall  be  sub-punched 
and  rcamc+l  according  to  paragraph  125,  to  a  steel  templet  one  inch  thick.  (If  required,  all 
other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being 
taken  apart.) 

141.  Eye-bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 
in  the  neck  or  luid,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  detcrmmed  by  the  dies  in  use  at  the 
works  where  the  eye-bars  are  made,  if  salisfacloo'  t'>  the  engintrr.  but  the  manufacturer  shall 
guamn!<T  the  l»ars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
mrk  sh.ill  not  vary  more  than  A  in.  from  that  si>ecified. 

l.p.  Boring  Eye-bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straightemd.  Pin-holfs  shall  be  in  the  center  line  of  Ixirs  and  in  the  center  nf  heads.  Bars 
of  the  same  length  shall  \k  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in 
diameter  than  thr  pin-hole*  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 
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143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight:  at  right  angles 
to  the  axis  of  the  memher  and  parallfl  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  mt'inbcr  is  riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  ^  in.,  and  the  diameter  of  the  holes  not  more  than  3*5  in.  larger  than  that  of  the  pin,  for 
pins  up  to  5-m.  diameter,  and  iV  in-  ^of  Urgcr  pins, 

145.  Pins  and  Rollers. — Pins  ami  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smonih  and  entirely  free  from  flaws. 

146.  Screw  Threads. — Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S, 
standard,  except  above  the  diameter  of  1 2  in,,  when  they  shall  Ix*  made  with  six  threads  per  inch. 

147.  AnneaJUng. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — All  steel  castings  shall  be  annealed. 

149.  Welds. — Welds  in  steel  will  not  oe  allowed. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  too  and  bottom.  The  cut  of  the  planing  tiM>!  shall  correspond  with  the  direciioa 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  bu  ortltTfiJ. 

152.  Field  Rivets. — Kicld  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  tiotiiiiial  number  rL-quircd  for  each  size. 

15J.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Weight. — The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  tigures. 

155.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
allowance  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

SHOP  PAINTING. 

156.  Cleaning. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  paint  as  may  Irc  called  for,  well  worked  into  all  joints 
and  (>i)en  spaces. 

157.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  riveted  tugether. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  arc  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

15Q.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  n<jt  l)c  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

r6o.  Machine-finished  Sxirfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING   AT  THE  SHOP  AND  MILL. 

l6t.  Fadlities  for  Shop  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  sh<ip  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — The  purchaser  shall  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Copies  of  Mill  Orders. — The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  he  rolleil,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  Imh-u  placed,  so  that  he  may  arrange  for  the  inspection, 

164.  Facilities  for  Mill  Inspection. — The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access^  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu' 
factured. 
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167.  AccftptinK  Material  or  "Work. — The  inspector  shall  stamp  each  piece  accepted  with  a 
prixrate  mark.  Any  piece  not  so  marked  may  be  rejccicd  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inBpector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
is  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  complctioa. 
may  be  rejected  by  the  purchaser. 

16*.  Shop  Plans. —  The  purchaser  shall  be  furnished  complete  shop  plans  (5l3). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  mvoices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — Full-sized  tests  on  eye-bars  and  similar  members,  to 
prove  the  workmanship,  shall  be  made  at  the  manufacturer's  expense,  and  shall  be  jiaid  for  by 
the  purchaser  at  contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  tte 
nembcre  represented  by  them  will  be  rejected. 

lyi.  Eye-bar  Tests.— In  eye-bar  tests,  the  fracture  shall  be  silky,  the  elongation  in  10  ft, 
including  the  fracture,  shall  lie  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  limit  shall  be  recorded  (§141). 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  Hoor  timers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  tniffic. 

173.  The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel 
wofic  to  the  masonry.  Me  shall  drill  all  the  necessary  hule.^  in  the  masonry,  and  set  all  bolts  with 
neat  Portland  cement. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  arc  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractnr  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  traffic,  interfere  with 

^thc  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 
177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 
178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 
Of  o 
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179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease 
«  other  material,  then  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  linseed  oil.  All  recesses  which  may  retain  water,  or  through  which 
Iter  ran  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  |>ainting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  drv  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  uf  the  best  quality  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
vork  in  the  manufacturer's  original  packages  and  is  subject  to  inspection.  If  tests  made  by  the 
inspcrlor  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thonmghly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  l>e  thinne<l  with  anything 
what5<»evcr:  in  cold  weather  the  paint  may  be  thinned  by  heating  under  the  direction  of  the 
in*ptx;tor.  No  turjx'ntine  nor  Iwnzine  shall  l»e  allowed  on  the  work,  except  by  the  permission  of 
the  in^()octor,  and  in  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  ins|)ector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  frcextng,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  (o  be  applied  shall  be  dry, 
dean  and  warm.  In  cool  weather  the  paint  may  be  thinned  by  heating,  and  this  may  be  required 
by  the  intpector. 

REFERENCES. — For  the  calculation  of  stresses  in  bridge  trusses  and  plate  girders,  for 
drtaiU  of  bridges,  for  the  design  of  bridge  details,  and  for  additional  examples  of  highway 
bridges,  see  the  author's  *'  The  Design  of  Highway  Bridges." 
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CHAPTER  IV. 
Steel  Railway  Bridges. 

TYPES  OF  STEEL  BRIDGES.— The  same  types  of  trusses  arc  used  for  railway  as  for  higli-' 
way  bfidgcs.  Fig.  4,  Chapter  III.  Beam  bridges  are  used  for  short  spans,  and  plate  girders  up  to 
•pans  of  about  125  ft.  Ri\xted  truss  spans  arc  used  for  spans  of  100  ft.  and  upwards.  Pin-con- 
nected truss  spans  arc  still  used  for  long  span  bridges  and  by  a  few  railroads  for  spans  of  150  ft. 
and  upwards.  Many  railroads  are  building  rivctc-d  trusses  for  bpans  of  more  than  zoo  ft.,  and 
riveted  truss  spans  of  500  ft.  are  not  uncommon.  The  new  terminal  bridge  over  the  Missouri 
River  at  Kansas  City,  Mo.,  ha-s  riveted  trusses  with  a  span  of  425  ft.  6j  in.  The  Norfolk  &  West- 
cm  R-  R.  has  constructed  a  double  track  bridge  over  the  Ohio  River  with  a  span  of  5J0  ft.,  which 
is  riveted  with  the  exception  of  four  bottom  chord  panel  points,  which  have  pin  joints.  The 
lengths  and  types  of  railway  bridges  as  used  by  different  railroads  are  given  in  Table  XII  in  the 
tatter  part  of  this  chapter.  The  longest  simple  truss  span  is  668  ft.  and  is  in  the  Municipal  Bridge 
over  the  Mississippi  River  at  St.  Louis,  Mo.  The  maximum  practical  length  of  simple  span  truss 
bridges  made  of  carbon  steel  is  about  550  feet;  while  with  nickel  ^teel  it  is  practical  to  build  simple 
truss  ^>ans  up  to  750  feet  and  economical  to  build  simple  truss  spans  up  to  700  feet.  The  pro- 
poaed  Metropolis  Bridge  over  the  Ohio  River  will  be  a  double  track  simple  truss  bridge  with  a 

of  7»o  feet. 
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Fig.  2. 

Railway  Steel  Trestle. 

TABLE  I. 

Data  on  Railroad  Bridges  Designed  Under  Couhon  Standard  (Harrdcan  Lines) 

Specifications  C.  S.  1006. 


SiNCLX  Track  Bridgbs. 

DouBLS  Track  Bsodges,                         | 

Distance 

Distance 

Length 

Center  to 

Dist.  C.  to  C.  of 

n  • 

Total 

Length 

Center  to 

Dist.  C.  to  C.  of 

•g  2 

Total 

of 

Center  of 

Chords  or  B.  to 

Weight. 
Lb. 

of 

Center  of 

Chords  or  B.  to 

WHgU. 

Sgn. 

TniBsesor 
Girders, 

B.  of  Angles. 
Ft.-In- 

Z^ 

.gja. 

Trusses  or 
Girders. 

B.  of  Angles 
Fl.-ln. 

&k 

Ft.-In. 

Ft.-In. 

Through  Plate  Girders 

Through  Plate  Girders 

30 

13-6 

4-oi 

3 

27,500 

50 

29-6 

8-0 

4 

142,000 

40 

15-6 

5-oJ 

4 

41,900 

60 

29-6 

9-0 

S 

173.000 

50 

15-6 

S-8 

S 

56,600 

70 

29-6 

9-6 

6 

221,000 

60 

16-0 

6-4 

6 

79,600 

80 

30-0 

10-0 

7 

277,000 

70 

16-6 

7-0 

7 

105,100 

90 

30-0 

10-6 

8 

317,200 

80 

16-6 

8-0 

8 

132,300 

90 

16-6 

8-6i 

9 

161,350 

100 

16-6 

9-  oj 

10 

198,500 

Deck  Plate  Girder 

Through  Rivet  Span 

20 

7-0 

I-  8 

3 

12,800 

100 

30-6 

30-0 

4 

360,000 

30 

7-0 

4-0 

4 

14,900 

no 

30-6 

30-0 

4 

400,000 

40 

7-0 

4-11 

8 

23,800 

125 

30-6 

31-0 

5 

472,600 

SO 

7-0 

S-ii 

8 

34,300 

140 

.    . . 

.... 

. 

60 

7-0 

6-5 

10 

47,500 

70 

8-0 

8-3 

10 

68,000 

80 

8-0 

8-  8 

10 

87,800 

90 

9-0 

9-  I 

12 
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311,000 
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304,000 

160 
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32-  0 
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348,000 

180 

17-0 

33-  0 
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417,000 

200 

17-0      1        32-&  38 

7 

485.000 

WEIGHTS  OF  RAILWAY  BRIDGES. 

A  diagramatic  sketch  of  a  truss  railway  bridge  is  shown  in  Fig.  i.  The  names  of  the  different 
members  are  shown  on  the  diagram.  The  floor  may  be  carried  on  two  or  more  stringers.  Two 
stringcTB  are  commonly  used  for  an  open  timber  floor  and  two  or  four  stringers  for  a  ballasted  floor. 

A  railway  steel  trestle  is  shown  in  Fig.  2.  Steel  trestles  are  commonly  huilt  with  the  inter- 
mediate spans  equal  to  twice  the  tower  spans;  60  feet  and  30  feet,  and  80  feet  and  40  feet  being 
common  lengths  of  span. 

Swing,  movable,  cantilever  and  suspension  bridges  will  not  be  considered  in  this  chapter. 
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Fig.  3-    Weight   of   Single   Track   Deck 

Platk  Girder  Spans,  Concrete  Ballast 

Floor.    Chicago,  MawAUKEE  &  St. 

Paul  Ry. 


Fig.  4.    Weight  of  Single  Track  Riveted 
Deck  Truss  Spans.    Chicago,  Mil- 
waukee &  St.  Paul  Ry. 
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WEIGHTS  OF  RAILWAY  BRIDGES.— The  weights  of  railway  bridges  t-ary  with  the 
loading,  the  specifications,  the  span,  the  width,  the  type  of  floor,  and  with  the  design.  The  weights 
of  tiie  total  structural  steel  in  flingle  track  bridges  of  different  types  as  designed  and  built  by  the 
Chicago,  Mflwaukc^e  &  St.  Paul  Ry.  are  given  in  Fig.  3  to  Fig.  lo,  inclusive. 

Weights  of  Mngle  track  plate  girder  spuns  as  designed  and  built  by  the  Illinois  Central  Rail* 
road  are  givm  in  Fig.  1 1,  Fig.  12  and  Fig.  13;  weights  of  single  track  thmugh  bridges  are  given  in 
Fig.  14,  weights  of  signal  bridges  are  given  in  Fig.  15,  and  weights  of  single  track  draw  spans  are 
given  in  Fig.  16.  Weights  and  other  data  for  railway  bridges  designed  by  the  Harriman  Lines, 
under  "Common  Standard  Specification  1006"  (approximately  equal  to  Cooper's  E  55),  arc  given 
ia  I'able  I. 

WHghts  of  single  track  steel  viaducts  as  designed  by  the  McCKntic-MarehatI  Coostruction 
Co.  are  given  in  Fig.  17. 
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For  the  relative  weights  of  railway  bridges  built  of  carbon  and  of  nickel  steel,  see  paper 
entitled  *'  Nickel  Steel  for  Bridges,"  by  Mr.  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  printed  in  Traiu^ 
Am.  Soc  C.  E.,  Vol.  63,  1909. 


}0 


10  30  JO  SO  m  70  30  90 
wn  in  Feet. 


3pi 


Fio.  5.    Weight  of  Single  Track  Through 

Plate  Girder  Spans.    Type  C4  (Flanges 

OF  2  Angles  and  Cover  Plates,  Two 

Strisgebs).     Chicago,  Milwaukee 

&  St.  Paul  Ry, 


0  10  W  30  40  50  60  70  80  90 
5pdn  in  Feet, 

Fig.  6.    Weight  of  Through  Plate  Girder 
Spans.    Type  C^  (Flanges  of  2  Angles 
AND  Cover  Plates.  Shallow  Floor, 
4  Stringers).    Chicago,  Mil- 
waukee &  St.  Paul  Rt. 


LOADS. — The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  same  as  in  a 
highway  bridge.  The  dead  joint  loads  arc  commonly  assumed  to  act  on  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-thirds 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the 
loaded  chords,  respectively,  soc  disru-wion  of  specifications  in  the  last  part  of  this  chapter. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the  weights  and  spacing  of  the 
wheels  depending  UF>on  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so 
much  th^t  it  would  be  difficult  if  not  impossible  to  design  the  bridges  on  any  railway  system  for 
the  actual  conditions,  and  conventional  systems  of  loading,  which  approximate  the  actual  con- 
ditions, arc  assumed.  The  conventional  systems  for  calculating  the  live  load  stresses  in  railway 
bridges  that  have  been  most  favorably  received  arc:  (l)  Cooper's  Conventional  System  of  WTiecl 
Concentrations;  {2)  the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load 
and  one  or  two  wheel  concentrations.  In  addition  to  these  some  railroads  specify  siK'cial  engine 
loadings.     The  three  'methods  will  be  briefly  described. 


Cooper's  Conventional  System  of  Wheel  Concentrations. — In  Cooper's  loadings  two  con- 
soUdation  locomotives  arc  followed  by  a  uniformly  distribmcd  train  load.  The  typical  loading 
for  Cooper's  Class  E40,  E  45,  E  50,  E  55  and  E  60,  are  aliown  in  Fig.  18.  The  loads  on  the 
drivers  in  thousands  of  pounds  and  the  uniform  train  load  In  hundreds  of  pounds  arc  the  same  as 
the  class  number.  The  wheel  spacings  arc  the  same  for  all  classes.  The  stresses  for  Cooper's 
loadings  calculated  for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading. 
For  example,  ihc  live  load  stresses  in  any  truss  due  to  Cooper's  Class  E  60  are  equal  to  |  of  the 
stresses  in  the  same  truss  due  tu  Class  £  40  loading.  The  E  50,  E  55  and  E  60  loadings  are  those 
most  used  for  steam  railways  in  the  United  States.  In  bridges  designed  for  Class  E  40  loading 
and  under  the  floor  system  must  in  addition  be  designed  for  two  moving  loads  of  100,000  lb.  each, 
■paced  6  ft.  apart  on  t-arh  trick.     The  special  loads  for  Class  E  50  arc  I20j000  lb.  with  the  same 


'  £55  Loaaf/ngr 
•550      " 
/Curve  E55 


ZO  30  40  50  60  70  60  90 100 
5psn  In  Feet, 

Fig.  7.    Weight   or  Singlb   Track   Dfxk 
Plate  CiKDER  Spans.    Open  Timber  Floor. 
TvrE  A4  (Flanges  of  6  Angles  with- 
out Cover  Plates).    Chicago,  Mil- 
WAtncBE  &  St.  Paul  Ry. 


ZO  30  40  50  eo  70  80  00 100 
Span  In  Feet, 

Fig.  8.    Weight   of    Single    Track    Deck 

Plate  Girder  Spans.    Timbek  Ballast 

Floor.    Type  A4  (Flanges  of  6  Angles 

withol't  Cover  Plates).    Chicago, 

Milwaukee  &  St.  Paul  Ry. 


•paring.  The  American  Railway  Engineering  Association  has  adopted  Cooper's  Itjadings,  except 
that  the  special  l<>ad5  are  spacwl  7  ft.  The  live  loads  used  by  several  prominent  railroads  are 
given  in  Tablr  X\'l.  The  heaviest  locomotives  in  use  on  American  railroads  as  given  in  Bulletin 
No,  161,  NovemU-r  191  J,  of  the  Am.  Ry.  Eng.Assoc.,  by  Mr.  J,  E.  Grciner,  Consulting  Engineer, 
are  given  in  Table  II.  The  maximum  stresses  in  terms  of  the  maximum  stresses  for  E  50  loading 
for  spans  between  100  ft.  and  10  ft.  are  given  in  the  last  two  columns.  The  ratios  for  spans 
grcatter  than  100  ft.  are  lew  than  for  those  given.  The  larger  ratio  is  for  short  spans  so  that  by 
inrrcasing  the  special  concentrated  loads  a  bridge  designed  for  an  E  50  loading  will  safely  carry 
the  hesiviest  engines  now  in  use. 
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9.    Weight  of  Sikgle  Track  Through 
Riveted  Trcss  Spans.    Chica<k>, 
Milwaukee  &  St.  Paul  Rt. 
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Fig.  10.    Weight  OF  Single  Track  Througb" 
Pin  Connected  Truss  Spans,    Chi- 
cago, Milwaukee  &  St.  Paul  Rt. 


TABLE  IL 
Hea\7est  Locomotives  and  Relative  Stresses  Produced  for  Spans  of  10  ft,  to  100  ft. 


CIam. 


Ksot 

Ailantic. .  *;*. ..  *. . .  . 

Prairie 

Cunsolidation 

12  Wheel 

Decapod 

Pacific 

Mikado 

u  Wheel  Articulated}  . 

10  Coupled 

20  Wheel  Articulated}  . 
16  Wheel  Articulated  j  . 
t\  Wheel  Articulated  t  - 
12  Wheel  Electric  Motor 
16  Wheel  Electric  Motor 


Entwine  Alone. 


Wefxhtin 
1.000  Lb. 


225.0 
214.8 

344-7 
260.1 
362.0 
367.0 
270.0 
305.0 

334-5 
361.0 
478.0 
493.0 
616.0 
300.4 
320.0 


Wbeel 
Baae.  Ft- 


23.00 
3079 
34-25 
26.50 
27.08 
29.83 
35.20 
35.00 
30.66 

43-^0 
59.S0 
40.17 
65.92 
3RS0 
44-22 


Propor- 
tionoJ 
Wdihl. 


1.00 
.96 
1.09 
1. 16 
1.17 
1. 19, 
1.20 
1.36 
1.49 
1.60 
2.12 

2.19 

274 
'•33 
1.42 


Double  Header.* 


WcJshtin 
1,000  Lb. 


710.0 
728.4 
807.5 
860.4 

817.4 
802.0 
8654 
960.0 

473-8 
1.0740 
703.6 
^88.0 
841.6 
600. 8 
640.0 


Wheel 

Buc.  Ft. 


104.0 

12776 

132.93 

131.81 

130.15 

127.00 

142.48 

150.00 

64.56 
161.00 

99.70 

82.58 
105.82 

86.50 
102.84 


Weight 
per  Ft,.  Lb 


6,830 
5.700 
6.070 
6.530 
6,280 
6.320 
6.070 
6.400 

7.340 
6.670 
7.060 
7.130 
7.950 
6.950 
6.2ZO 


Proooftional 


From 


I.OO 

0.83 
088 

0.99 
1.00 
0.96 

0.93 

1.02 
0.98 
I.OO 
I.OI 

1.26 
1,15 

0.83 
0.84 


To 


•  Weight  Mnd  wheel  base  for  articulated  engines  arc  given  for  one  engine  and  tender. 
t  Given  for  comparison. 
}  Mallct  Type. 
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Fig.  i3.     VVeiguts  of  Deck  Plate  Girder  Spans, 
Illinois  Central  Kau.&o&1}. 
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Fig.  15.    Weights  of  Signal  Bridges. 
Illinois  Central  Railroad. 


JVi 


MdtlllflfMKIIHIII'.ll 


MtMltIM 
Ittllllllf 

IKIIIIII* 

tttii  iir* 

IMii  \w. 
liaii  i'<ii 


[ 


iox 


ep 


iMoShf-  Z'iSB-TS  tan  mgnes  fblhitfd  hf 
'^  eOOOItepfrfiiQtumfbrmh^^ 

FhrDot^  Track  Spans 

hcn99e  cumr  /mghts  SSptremt- 


.^v 


m      4»      000 

fftmn  IN  JwusANOs  orpotHJS 


msHTs  or  suss  j?aq< 
DRAs/rsmiS' 


Fig.  16.     W'kigiits  of  Single  Track  Draw  Spans. 
Illinois  Central  Railroad. 


158 


RAILWAY  BRl 


WEIGHT  Or6/N6l£  TPflCK  P.P.  VMDl/CT  TOWEPS. 

Cocpers  ESOLoadfpy  AJ?.£.E(MM,5fecs-ieO0, 

30'530'5pan5 


^25*  35^  4?  W  ^5^ 

Height  of -TowensCFrom  cap  to  base) 


-S   .„„40'S40' and  30*560' Spans 


40  50"^  60'  "         70'  80' 

-£^  Height  oF  TowersCFnomcaptobaM^ 

-^  40'g;  80' Spans 


^  210 


200 
190 
160 
170 
160 
150 
140 
130 
120 
flO 

m 

90. 


30 


Weight  of  60fl.5pan  compieU=77&00 
•      -40^1    -        •       -23100 


90' 


40'  50'  60'  70'  80 

Height  of  Towers  (From  cap  to  bssej 

Fia  17-    Weight  of  Steel  Viaducts.    McClintic-Marseiall  Construction  Co. 


00' 


COOPER' 


.OADINGS. 


169 


zn    noon    nn  no  ^n    OOOO    n  n  o  n  iz^tttttt^ 


C/sss 


£-^ 


E'4S 


BSO 


EB5 


E60 


II 


11 

!S  J5  is  ^ 


^  ^^^ 


I 

^«t    *«     *<&    Vb 

f^  f^    *s  ^i 


^  ^  s> 


^  S?!^  !§ 


§  g 

•^     N 


85  S5 


"I 


i 


1^ 


^  ^ 

s  ^ 


^    :i^  j^  &^  :i^    ^ 


1  §  §  i 

^  ^  ^  ^ 

F^  I^  &  ?^ 

*<N  ^  **V  »<\ 


^     'Si 


^ 


II 


JJ^iJi 


5!^ 


I 


a^  s^  s^  ^ 


^    ^   ^    <S 

»t  S!  t?  ;j^ 


is  ia  S)  ^ 


^^ 


'Si    ^    ^    ^ 

^    ^    ^    ^ 


II 


^    ^    J5i 

VQ      VC^     Ift 


-I 


i 


II 


UmformL^ 


4000  Ih- 
ptrh'n-ft- 


per  h'fh  /?- 


3000A- 
ptr  tm'ff' 


pfr/rn-^' 


Fig.  i8.     Cooper's  Conventional  Kngine  Loadings. 
(Loads  for  one  track.) 

Equivalent  Uniform  Load  System-— The  equi\'alont  uniform  load  lor  calculating  the  stresses 
in  trusses  and  the  bending  moments  in  beams,  is  the  uniform  load  that  will  produce  the  seme 
bending  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bending  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  lnadinf:s  for  different  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  19.  The  equivalent  uniform  loading  for  E  60  loading 
will  be  \  the  values  for  E  40  in  Fig.  19.     In  calculating  the  stresses  in  the  truss  members  select 
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5par\  of  Bridge  in  feet 

EQinVALENT   UnITORM   LlVE   LOAD  TOR  COOPES'S  E4O  LOADING. 

(Loads  for  one  track.) 

the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  strcasea  by  the  use  o( 
equal  joint  loads,  as  for  highway  bridges.  In  designing  the  stringers  for  bending  moment  take  a 
loading  for  a  span  equal  to  one  panel  length,  and  for  the  maximum  floorbeam  reaction  take  a 
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loading  for  a  span  wjual  to  two  panel  lengths.  It  is  necessary  to  calculate  the  maximum  end 
■hears  and  the  shears  at  intormodiatc  points  by  wheel  concentrations,  or  to  use  equivalent  uni- 
form loads  calculated  for  wheel  concentrations.  The  calculated  values  of  the  moment,  Af. 
shear,  S,  and  floorbeam  reaction,  R,  for  Cla.ss  Ej6o  are  given  in  Table  Ml.  The  equivalent 
uniform  load  method  has  been  advocated  very  stn^ngly  by  Mr.  J.  A.  L.  Waddell  who  has  de- 
scribed its  use  in  detail  in  his  "Dc  Pontibus."  Live  load  stresses  as  calculated  by  the  method 
of  equivalent  uniform  loads  arc  too  small  for  the  chords  and  webs  between  the  ends  of  the  truss 
and  the  quarter  points,  and  arc  too  large  between  the  quarter  points.  The  stresses  obtained 
for  the  counters  arc  too  large.  The  live  load  stresses  calculated  by  the  method  of  equivalent 
uniform  loads  are  sufficiently  accurate  for  all  practical  purposes.  Even  though  the  equiN-alent 
uniform  load  method  is  simple  to  apply  and  gi\'es  results  which  arc  suiEcicntly  accurate,  it  is  now 
seldom  used. 

Unifonn  Load  and  One  or  Two  Excess  Loads. — A  uniform  load  is  used  and  to  provide  for 
the  wheel  concentrations  one  or  two  excess  loads  arc  assumed  to  run  on  top  of  the  uniform  load. 
This  method  is  now  rarely  used.  In  a  paper  entitled  "Rolling  Loads  on  Bridges,"  published  in 
Bulletin  No.  i6i,  .\m.  Ry.  Eng.  Assoc.,  November  I9I3»  Mr.  J.  E.  Greiner,  Consulting  Engineer, 
found  that  thirty-eight  of  the  thirty-nine  most  important  railroads  in  the  countr>*  used  a  s>-stem 
of  wheel  concentrations,  and  one  road  uso<i  a  uniform  load  %-ith  a  single  excess  load;  the  method 
of  cqui\-alcnt  uniform  loads  was  not  used. 

UAXIMUM  STRESSES. — The  conditions  of  live  loading  for  maximum  stresses  in  beams 
and  trusses  are  as  follows. 

Uniform  Live  Load  on  Beam  or  Girder. — For  bending  moment  the  span  should  be  fully 
loaded.     For  shear  the  longer  segment  of  the  span  should  be  loaded. 

Equal  Joint  Loads. — For  bending  moment  (chord  stresses)  the  bridge  should  be  fully  loaded. 
For  shear  (web  stresses  in  trusses  with  parallel  chords)  the  longer  segment  of  the  truss  should  be 
loaded  for  maximum  stress,  and  the  shorter  segment  of  the  truss  should  be  loaded  for  maximum 
counter  stress  (minimum  stress). 

Point  of  Maximum  Bending  Moment  in  a  Beam. — The  maximum  bending  moment  in  a 
beam  loaded  with  moving  loads  will  cfjnie  under  a  heavy  load  when  this  load  is  as  far  from  one 
end  of  the  beam  as  the  center  of  gravity  of  alt  the  moving  loads  then  on  the  beam  is  from  the  other 
end  of  the  beam. 

Wheel  Loads,  Bridge  with  Parallel  Chords. — The  maximum  bending  moment  at  any  joint 
in  the  loaded  chord  will  occur  when  the  average  load  on  the  left  of  the  section  is  equal  to  the 
average  load  on  the  entire  span. 

The  maximum  bending  moment  at  any  joint  in  the  unloaded  chord  of  a  symtnetrical  Warren 
truss  will  occur  when  the  average  load  on  the  entire  s^ian  is  equal  to  the  average  load  on  the  left 
of  the  section,  one-half  of  the  load  on  the  panel  under  the  joint  being  considered  as  part  of  the 
load  on  the  left  of  the  section. 

The  ntaximum  shear  in  any  panel  of  a  truss  will  occur  when  the  average  load  on  the  partel  is 
equal  to  the  average  load  on  the  entire  bridge. 

Wheel  Loads,  Bridge  with  Inclined  Chords. — The  criterion  for  maximum  bending  moment 
in  a  bridge  with  vertical  posts  is  the  same  as  for  bridges  with  parallel  chorda. 

For  web  members  the  criterion  is  that 


P!L  -=  Pt(i  +  a!e)fl 
^whcre  P  =  total  load  on  the  bridge; 

Pt  =  load  on  the  panel  in  question; 
L  «  span  of  bridge; 
/  «  panel  length; 

a  =  distance  from  left  abutment  to  left  end  of  panel  in  question; 

e  —  distance  from  left  abutment  to  intersection  of  top  chord  section  of  the  panel  produced 
and  the  lower  chord.     (The  interBcction  is  to  the  left  and  outside  of  the  span.) 
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KINDS  OF  STRESS.— Bridges  must  be  designed  for  the  stresses  due  to  (i)  dead  load; 
live  or  muving  load;  (3)  wind  load;  (4.)  snow  load;  (5)  impact  slrtsses;  (6)  temperature  stresses; 
(7)  centrifugal  stresaeA.  and  (8)  aecDndar>'  stresses  not  taken  into  account  in  the  calculations. 
In  addition  to  the  abo%'c  it  is  necessary  in  determining  the  allowable  stress  in  any  member  to  take 
Into  account  impt-rfectinns  in  materials  and  workmanship,  possible  inrrt*ase  in  live  loads,  fatigue 
of  metals,  the  frequency  of  the  application  of  the  stress,  corrosion  and  deterioration  of  materials, 
etc  The  structure  should  Ix;  so  designed  that  no  part  wilt  be  ever  stressed  beyond  the  clastic 
limit.  The  all<»wablc  stresses  for  dead  load  are  usually  taken  at  about  60  to  70  per  cent  of  the 
clastic  limit;  for  an  elastic  limit  of  30,000  lb.,  the  allowable  working  stresses  for  dead  loads  alone 
would  then  var>'  from  18,000  to  2I.OOO  lb.  per  sq.  in. 

IMPACT  STRESSES, — As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
whereby  the  actual  stn^sses  are  increased  o\*er  those  due  to  the  static  load  alone.  It  is  shown 
in  mechanics  of  materials  that  a  load  suddenly  applied  to  a  bar  or  beam  will  produce  stresses 
twice  the  stresses  produced  by  the  same  load  gradually  applied.  A  bridge  is  a  complex  structure 
and  it  is  not  possible  to  determine  the  exact  effect  of  the  moving  loads.  It  has  been  found  by 
experiment  that  the  ultimate  strength  for  rvpcated  loads  is  much  less  than  for  dead  loads.  In  a 
bridge  it  will  be  seen  th.\t  ihr  dead  load  is  a  fixed  load  and  that  the  live  load  is  a  varying  load. 

For  Btrcaes  of  one  kind  Professor  Launhardt  has  pro|x>sed  the  following  formula: 


-{ 


,  Min.  stnessX 
Max.  stress  / 


(») 


I 
I 


P  is  the  allowable  working  »fres.<i  required,  and  5  Is  the  allowable  working  stress  for  live 
loads,  varying  from  zero  to  the  maximum  stress.  For  stresses  of  opposite  kinds  Professor  Wey- 
ratich  has  proposed  the  following  formula: 


P 


(■- 


Min.  stress 
2  Max.  stress 


(3) 


where  P  and  S  are  the  same  as  for  the  Launhardt  formula,  the  maximum  and  minimum  stresses 
being  taken  without  sign.  For  columns  and  struts  the  allowable  stresses  as  given  by  formulas 
(2)  and  (3)  arc  to  be  reduced  by  a  suitable  column  formula, 

Thi-rc  arc  three  methods  in  common  use  for  taking  account  of  impact  and  fatieue:  (x)  Impact 
formulas;    {2)  I-aunhardt-Weyrauch  formulas,  and  (3)  Cooper's  Method. 

(1)  Impact  FormiiUs. — The  formula  in  moot  common  use  is  given  in  the  form 


^■^(tti) 


(4) 


where  /  »  impact  stress  to  be  added  to  the  static  live  load  stress.  S  =-  the  static  live  load  streM* 
L  ■  the  length  in  feet  uf  the  portion  uf  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  6  arc  constants  expasscd  in  feet.  The  American  Railway  Engineering 
AMOcia'tion  specifies  for  railway  bridges,  a  "  fr  —  300  ft.  Mr.  J.  A.  L.  Waddcll  specifies  a  —  400 
It.,  and  h  »  500  ft.  for  railway  bridges;  and  o  —  100  ft.,  and  h  »  150  ft.  for  highway  bridges. 
For  the  names  of  several  roads  using  A.  R.  E.  A.  impact  formula,  see  Table  XVI. 

For  highway  bridges  the  American  Bridge  Company  specifies  that  the  maximum  live  load 
■tress  shall  be  increased  25  {kt  rent  to  cover  impact  and  vibration. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc,  C.  E.,  specifics  that  for  electric  railway  bridges 


In  the  Oil>orn  Engineering  Comfiany's   1901   specifications  for  railway  and  for  highway 
bridges  the  impact  is  calculated  by  the  formula 


/  -  5  •  I50/(L  +  300) 


(5) 


/  -  5  .  5/(5  +  D) 


(6) 


f 
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where  S  is  the  static  live  load  etrese  and  D  is  the  dead  load  stress.     This  method  is  used  by  the 
Illinois  Central  R.  R- 

(2)  LAunhATdt-Weynuch  Fonnulas. — Formula  (2)  is  used  for  determining  the  allow'able 
for  stresses  uf  one  kind  ami  formula  (3)  is  used  for  determining  the  allowable  stress  for 
lof  different  kinds.  This  method  is  used  in  Thatcher's  Specifications,  in  Common  Standard 
rifications  (Marriman  Lines),  and  speci&cations  of  Pcnns\'Ivania  Lines  West  of  Pittsburgh. 
{3)  Cooper's  Method. — Cooper  uses  formula  (2)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (2)  we  have  P  -  2S, 
while  fur  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  =  S. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 

he  adds  eight-tenths  of  the  lesser  of  the  two  stresses. 
IMPACT  TESTS. — The  American  Railway  Engineering  Association  has  made  an  exhaustive 
'•erics  of  te^its  to  determine  the  effect  of  impact  on  railway  bridges.     The  following  summary  is 
taken  from  the  Proceedings  of  Am.  Ry.  Eng.  Assoc,  Vol.  12,  Part  3. 

(x)  With  track  in  good  condition  the  chief  cause  of  impact  was  found  to  be  the  unbalanced 
drivers  of  the  locomotive.  Such  inequalities  of  track  as  existed  on  the  structures  tested  were  of 
little  influence  on  impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding  60  to  75 
ft.  in  length. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corresponds  to  the  rate  of  vibration 
of  the  loaded  structure,  cumulative  vibration  is  caused,  which  is  the  principal  factor  in  pro- 
ducing impact  in  long  spans.  The  speed  of  the  train  which  produces  this  cumulative  \abration  is 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  speed,  as  well  as  a  speed  below  the 
critical  speed,  will  cause  vibrations  of  less  amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed  and  therefore  the  maximum 
impact  on  long  spans  will  occur  at  slower  speeds  than  on  short  spans. 

(4)  For  short  spans,  such  that  the  critical  speed  is  not  reached  b>'  the  moving  train,  the 
impact  percentage  tends  to  be  constant  so  far  as  the  effect  of  cuunterbalance  is  concerned,  but 
the  effect  of  rough  track  and  wheels  become*  of  greater  imixirtancc  for  such  spans. 

(5)  The  impact  as  determined  bv  extcnsometor  mcasuremt  nts  on  flanges  and  chord  mcmbcra 
of  trusses  is  somewhat  greater  than  the  jxTcentagcs  d^ermined  from  measurements  of  deflection* 
but  both  values  follow  the  same  general  law. 

(6)  The  maximum  impact  on  web  members  Cexcepting  hip  verticals)  occurs  under  the  same 
conditions  which  cause  maximum  impact  on  chord  members,  and  the  percentages  uf  impact  for 
the  two  classes  of  members  are  practically  the  same. 

(7)  The  impact  on  stringers  is  atK}Ut  the  same  as  on  plate  girder  spans  of  the  same  length 
and  the  impact  on  floorbeams  and  hip  verticals  is  about  the  same  as  on  plate  girders  of  a  span 
equal  to  two  panels. 

(8)  The  maximum  impact  perccnuge  as  determined  by  these  tests  is  closely  giNxn  by  the 
formula 

7  —  100 

(7) 


I  -f 


20,000 


in  which  T  «■  impact  percentage  and  /  -»  span  length  in  feet. 

(y)  The  effetrt  of  difTerences  uf  design  was  most  noticeable  with  respect  to  difTerences  in  the 
bridge  floors.  An  elastic  fltwr,  such  as  furnished  by  long  ties  supported  on  widely  spaced  stringers, 
or  a  i>allaBtt'd  floor,  gave  smoother  cunes  than  were  obtained  with  more  rigid  floors.  The  results 
clearly  indicated  a  cushioning  uflect  with  respect  to  impact  due  to  open  juints.  rough  wheels  and 
similar  causes.  This  cushioning  effect  was  noticed  on  stringers,  hip  verticals  and  short  span 
girtlcrs. 

(10)  The  effect  of  design  upon  impact  percentage  for  main  truss  members  was  not  sufficiently 
marked  to  enable  conclusions  to  be  drawn.  The  impact  percentage  here  considered  refers  to 
variations  in  the  axial  stresses  in  the  members,  and  docs  not  relate  to  vibrations  of  members 
themselves. 

(11)  The  impact  due  to  the  rapid  application  of  a  load,  assuming  smooth  track  and  balanced 
loads,  is  found  to  be  from  both  theoretical  and  experimental  grounds,  of  no  practical  imjHjrtance. 

(12)  The  impact  caused  by  balanced  compound  and  electric  locomotives  was  very  small  and 
the  vibrations  causer!  under  the  loads  were  not  cumulative. 

(13)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable  on  floorbeams,  but  not 
on  truss  members.  Large  impact  was,  however,  caused  in  several  cases  by  heavily  loaded  freight 
cars  moving  at  high  speeds. 
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•4S.8 

•4+.5 

56.7 

535 

54 

1611.5 

1374-1 

137.4 

116.4 

10 

•  93-7 

♦  90.7 

•48.8 

•47-1 

60.0 

56.3 

55 

16751 

»4«S-7 

139.0 

117.5 

II 

•lOJ.O 

•  99-5 

•S'l 

•49-3 

65-5 

61.0 

56 

1718.0 

1456.7 

140.6 

1 18.5 

la 

130.0 

Wli 

*53.i 

♦Si.i 

70.0 

64.8 

57 

1781.9 

1497.4 

142.2 

119.5 

«J 

14^5 

16$  X> 

55-4 

53-1 

73-9 

68.0 

S8 

1834.5 

1537.4 

143.8 

120.5 

^4 

157.6 

57.8 

5S-i 

78.1 

71.S 

59 

18914 

1580.6 

145-4 

121.5 

:i 

187.S 

178.6 

60.0 

57.1 

82.0 

74-5 

60 

1949.4 

1624.5 

1470 

I22.S 

210.0 

"993 

63.8 

60.6 

85.3 

77.1 

6i 

2007.5 

1668.3 

148.6 

123,5 

17 

132.5 

220X> 

67.1 

63-5 

88.2 

79-2 

62 

2064.3 

1710.8 

150.2 

124.5 

18 

355.0 

140.5 

70.0 

66.0 

91.0 

81,3 

63 

2123.4 

"754-9 

152.0 

125.6 

«9 

iSo.o 

163.1 

71.6 

68.3 

94-3 

83.7 

64 

2183,3 

<  799-4 

153.8 

126.8 

x> 

309.5 

190.5 

75-0 

70.3 

98.3 

86.7 

% 

1146.3 

1846.3 

155-7 

128.0 

u 

339^ 

316.8 

77.1 

72.1 

101.9 

89.4 

2309.3 

1893-0 

157-5 

129.1 

11 

368.5 

369.8 

79-1 

737 

105.2 

91.7 

67 

2378.3 

1943.2 

159.6 

130.5 

IJ 

398.1 

80.9 

76.9 

108.2 

93-8 

68 

3435.4 

1985.3 

161.7 

I3I.8 

u 

417.8 

396.1 

83.1 

tio.9 

95.6 

96 

2498.4 

2031.2 

163.8 

133-1 

u 

487.1 

411.3 

85.1 

78.6 

113.S 

116.6 

97-3 

70 

2561.3 

1076.8 

165,8 

«34.4 

448.3       87.1 
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99.4 

71 

2624-S 

2122.2 

167.7 

135-6 

17 

S16.9 

474-1 
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1 20. 1 
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71 

2688.0 
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i37-i 

38 
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73 
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1 

•9 
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126.5 
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74 
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30 
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75 
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176.5 
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3« 
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96.6 
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76 
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3* 
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617-3 

98.6 
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180.6 
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S3 
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78 

3096.6 

2457.6 
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34 
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674.1 

101.1 

91.7 
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79 
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84 
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40 
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li 
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TABLE   m.^Coniinmed, 
Majomum  Moments,  M;  Exd  Shkajls,  S;  and  Kloobbeam  Reactions.  R;  Per  Rail,  foe 

Girders. 
Cooper's  E6o  Loading  (A.  R-  E.  A.). 


I 


SpO-D  Maximum  Mommt 
L.  Mommts  Impact, 
Ft.  M.  M'. 


95 
96 
97 
98 
99 
100 

lOI 
102 
103 
104 

los 
106 
107 
106 
109 


44084 
4490.7 
4573.5 
4659.8 

4743-8 
4830.0 
4916.9 
S004.0 
5»»5.s 
52ii.8 
5306.5 
5401.J 
5499-a 
5617.0 
5727.6 


3348-1 

3403.0 
3456.0 
3512.4 
3566.7 
3622.5 
3678.5 

37344 
3806.1 
3870.9 

3930-7 
3991. 1 

4053-4 
4130.1 
4201. t 


.  E°f    ISh«u 
'Stear    Impact 


115.4 
JI7.2 
219.2 
221.2 
223.1 
225.0 
216.8 

Z28.6 

230.4 

231.3 

234" 
235-9 

237.7 

239-4 
241.3 


163.6 

164-5 
165.6 
166.7 
167.7 

168.8 
169.7 
170.6 

171.5 

171.5 

173-4 
>743 

i7S-i 
1 76.0 
176.9 


FVmrbcun 

Reaction 

R. 


Viaduct 
Span 

40'-6o' 
197.1 


V^aduct 

span 

4o'-8o' 

236.5 


Floorbeun 

Impact 

R'. 


Ft. 


110 
III 
112 
113 

>H 

"I 
116 

117 

118 

119 

IZO 

111 

122 
123 
124 

125 


Uazinitm 

Uooienls 

M. 


5829.6 

5937-4 
6040.0 
6148.2 
6258^ 
6366.8 
6478.0 
6586.1 
6696.6 
6808.3 
6921.6 
7030.5 
7143-8 
7260.1 
7376.4 
7495.2 


In 


ar 


4165-5 

4333-9 

4398.1 
4466.0 
4534-8 
4601.5 
4671.6 

4738^ 
4806.1 

4874-7 
4944-0 
5009.9 
5078.5 
5148.9 
5219.1 

5190.7 


End 

Sbemr 
S. 


143-0 
244-8 
246.6 

148.3 

251.8 
253.6 

255-3 
257.0 
258.8 
260.5 
162.1 
364.0 
265.7 
1674 
369.1 


£ad 
Stiear 
loigyct 


177.8 
178.7 

179.5 
180.3 
l8l.3 
182.0 
182.9 
183.6 
1844 
185.3 
186.I 
186.9 

187.7 
188.4 
189.2 
i9ao 


CALCULATION  OF  STRESSES.— For  the  calculation  of  strcsses  in  railway  bridges,  bcc 
the  authors  "The  Ut-sign  of  Highway  Bridges;"  Johnson,  Br>'an  &  Tumcaure's  "Framed  Struc- 
tures," Hart  I:  Marburg's  "Framed  Structures/'  Part  I;  Spofford's  ''Theory  of  Structures";  or 
other  standard  textbook. 

Moments,  End  Shears  and  Floorbeam  Reactions. ^The  maxinium  bending  momrnts  and 
end  shears,  for  Cooper's  E  60,  ant!  A.  R,  E.  A.  special  loadings,  for  girders  up  to  125  fi.  .<ipan  are 
riven  in  Table  III.  The  maximum  moments  occur  at  a  point  near  the  center  of  the  girder. 
Maximum  f]oorbcam  reactions  arc  given  for  stringers  up  to  40  ft.  span.  The  tabic  also  gives 
the  impact  stress  calculated  for  A.  R.  E.  A.  impact  formula  (4). 

The  maximum  moments,  end  shears,  quarter-point  shears,  center  shears,  and  maxirauro 
floorbeam  reaclions  for  girders  up  to  75  ft.  span  arc  given  in  Table  IV. 

Moment  Diagram. — A  diagram  gi\Hng  tne  position  of  the  wheels  in  Cooper's  E  loadings  that 
will  produce  maximum  moment  in  a  beam  or  at  a  ixinel  point  in  a  truss  is  ^iven  in  Table  V^a, 
The  condition  for  maximum  shear  in  the  first  panel  is  the  same  as  for  bending  moment  at  Li, 
which  value  may  be  obtain€^d  from  Table  Va.  Other  loadings  for  maximum  shear  must  be  cal- 
culated by  means  of  the  criterion  given  above. 

A  moment  diagram  for  Cooper's  E  60  loadingis  given  in  Table  \T>,  and  brief  instructions 
for  uw  of  the  tabic  are  given  on  the  page  opposite  Table  Vb. 

Shears  in  Bridges. — Shears  in  the  panels  of  the  loaded  chords  of  spans  *'ith^  to  9  panels, 
for  Cooper's  E  50  loading,  are  givnen  in  Tabic  VI,  Table  VII.  and  Table  VIII.  To  obtain  the 
shears  for  E  60  loading  multiply  the  tabular  values  by  5.  The  stresses  in  the  web  members  of  a 
Pratt  truss  arc  equal  to  the  shears  X  sec  9,  where  $  is  the  an^Ie  that  each  web  member  makes  with 
a  vertical  line.     The  tables  were  calculated  by  the  McClintic-Marshall  Construction  Company. 

Moments  in  Bridges. — Bending  Moments  in  beams  and  girders  and  at  points  in  the  loaded 
chord  of  bridges,  arc  given  in  Table  IX  and  Table  X.  The  bending  moments  for  an  E  60  loading 
will  be  equal  to  the  tabular  values  X  ". 

Fort'xample.  the  bending  moment  for  an  E  50  loading,  at  joint  /,,.  in  an  8  panel  irussof  200-ft. 
span  from  Table  X.  i«  6,787  thousand  ft. -lb.  For  an  E  60  loading  the  bending  moment  at  joint 
Li  is  6,787  X  6/5  =  8.145  thousand  ft. -lb.,  which  checks  the  value  calculated  from  Table  VTi 
on  the  page  opposite  Table  Vb.  The  tables  were  calculated  by  the  McClintic-Marshall  Con- 
struction Companv. 

Elevated  Trestle  Span  Reactions. — The  floorbeam  reactions  and  the  maximum  reactions  of 
the  intcrme^Jiate  and  lowt-r  spans  of  elevated  railway  trestles  may  Iw  calculated  from  Table  IX 
and  Table  X,  as  follows; 

Reiiuired  the  end  reactions  for  a  40  ft.  tower  span  and  an  80  ft.  intermediate  span.  Take  a 
span  eoual  to  40  +  80  =  120  ft.,  and  calculate  the  bending  moment  at  a  iwint  40  ft.  from  the 
left  end.     In  Table  IX,  take  a  6-pancI  bridge  with  20  ft.  panels,  the  bending  moment  at  A»  is 


1 

r 

MAXIMUM 

SHEARS 

►,   MOMENTS  AND   FLOORBEANnffl^^S 

S.        165       1 

■  if  «  5.255  thousand  ft.-Ib.    Then  the  reaction.  ^  ='  ^^^°  tri 
"     ■  197.1    thousand   lb.     For    E  60,    Ri  =  RX  6/5  =  197.1  X  6/5 

^  -  Jf  X  3/80  -  5-255  X  3/80         1 

«  336.5  thousand 

lb.,    which         1 

chcclw  the  value  ia  Table  III. 

J 

■                                                                       TABLE  IV. 

n 

H    Maximum  End  Shbaks.  Quarter-Point  Sucabs.  Center  Shears;   Maximum  Moments,  and        J 

H                                               Floorbeam  Reactions  for  Girdei 
1                                                       Cooper's  E60  lading  (A.  R.  E.  A.] 

ts. 

a 

. 

^ 

f            Moments  tn  Thousands  of  Foot-Pounds.     Shears  and  Floorbeam  Reactions  in  Thousands  of        J 

Pounds. 

^^1 

Results  for  One  Rail.     Results  from  Special  Loading  marked 

k 

^ 

bpani     Enj         Ouorter 

Center 

MajUmtim 

Floorbeam 

spaa 

End 

QuiUler 

[ 

Center        Majdrauni 

Fl. 

9wsr. 

rourt 
Shear. 

Shear. 

Momrnt. 

Readioa. 

L. 
Ft. 

Sbear. 

Point 
Shear. 

Shear.         Mommt. 

10 

•48.8 

30-0 

*|8.8 

•  93.7 

60.0 

45 

122.5 

?l:i 

3S.a 

1201.1 

II 

•Si.t 

•33.4 

•18.8 

•103.0 

65.5 

46 

124.2 

35-6 

'244-4 

12 

•5J.J 

•34-4 

•18.8 

120.0 

70.0 

47 

125.9 

77- 1 

36.0 

1287.9 

«I 

55-4 

•36.0 

•18.8 

I42.S 

73-9 

48 

127.5 

78.2 

36.3 

»33i-4 

H 

57^ 

•37-5 

19.3 

165.0 

78.2 

49 

129.2 

79.2 

36.8 

1378.3 

II 

60JO 

•38.8 

•20.0 

187.5 

82.0 

50 

130.8 

8a2 

37-3 

1426.3 

6yM 

•39-9 

•21.1 

210.0 

85.3 

St 

132-5 

81.2 

37.8 

U74-7 

17 

67.1 

41  I 

•22.1 

232-5 

88.2 

52 

134.1 

82.2 

38.3 

1522.8 

18 

70^ 

43.6 

•22.9 

155-0 

91.0 

Si 

135.7 

83.1 

38.7 

1571.O 

»9 

72.6 

43-8 

•^3-7 

280.0 

943 

54 

U7-4 

84.1 

39J 

1621.S 

20 

75^ 

45-0 

♦144 

309.5 

98.3 

55 

139.0 

85.3 

39-6 

1675a 

It 

771 

47.3 

•25.0 

3390 

101.9 

S6 

140.6 

86.3 

40.0 

1728.0 

12 

79.1 

49.2 

•25.6 

368.5 

105.2 

57 

142.2 

87.3 

404 

1781.9 

il 

80.9 

50,8 

*36.l 

398.2 

108.2 

58 

143.8 

88.3 

4a8 

1B54.5 

M 

8J.I 

Sa-S 

•26.6 

427.8 

110.9 
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145.4 

89.3 
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1891.4 

2S 

85.1 

54.0 
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113-S 
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147.0 

90.3 
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26 

87.1 

56.7 

•27-4 
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1 16.6 

61 

148.6 
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93.0 
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57.9 
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548.3 
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63 
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57 
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69.0 

32.0 
32.5 
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73 

74 
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48.0 

2750-9 
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39 
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^^^^B          STEEL   RAILWAY   BKIOGES. 

TABLE  VL 
Maximum  Shears  in  Truss  Bridges  for  Cooper's  E50  Loading. 

Cbai 

\  IV.     1 

1 

\ 

5H£A/?5  FOR  THTiOUSTf  5PAN5            ^H 

CooPER^s  E'30  Loading            ^H 
Shears  7n  noasanefs  oF  Pounds  For            \ 

L 

.     ^      4      4     z 

^                            One  Rail 

n 

■ 

in 
Bridge 

Pamis 

Length  of  Panel 

li'O'' 

//r 

13V 

/3r 

I4'o' 

/4r 

I3'0' 

/3r 

/6'0' 

/6'6' 

/7r 

/fo' 

/8'0' 

/$'6' 

3 

UL 

5hS 

530 

343 

35-9 

37-4 

387 

60-0 

6/'3 

£5-0 

64-3 

63-6 

66-9 

687 

69-3 

UL 

7/'6 

73-£ 

733 

776 

79-6 

876 

85-6 

833 

87-3 

S9'0 

9H 

976 

943 

96-4 

4 

U, 

M4 

3$-$ 

3$-7 

377 

3H 

39^6 

40-6 

4/-7 

47-7 

43-9 

43-0 

46'/ 

477 

4^-3 

UL, 

7-9 

i'4 

S*9 

9-4 

9^S 

10-3 

/07 

//-/ 

//'7 

/77 

777 

/3-7 

733 

739 

5 

LUt 

$H 

91-4 

93$ 

96-4 

39-7 

/07'3 

7034 

/08-6 

///•8 

//3-/ 

//8-3 

I7/-3 

/74'6 

/77-3 

Id, 

Bii 

333 

37-1 

3i'7 

603 

67$ 

634 

64-8 

66-7 

67-7 

£9*7 

70-4 

774 

74-0 
36-6 

ULs 

3S 

7H 

77'i 

m 

793 

30-4 

3/7 

370 

378 

3H 

343 

33/ 

33-8 

6 

UL 

m-7 

nO'S 

/f4-i 

7/i-7 

773/ 

/77I 

/37'0 

/34-9 

/3i'8 

147-7 

J46-5 

/307 

/53-8 

/37'3 

Uz 

71/ 

74'Z 

7B'3 

7i-7 

79-8 

877 

m 

86-9 

$0-7 

93-0 

938 

983 

/07'7 

703-6 

uu 

43-4 

44$ 

463 

47-7 

49-/ 

30-4 

3/7 

379 

340 

333 

363 

376 

58-6 

397 

uu 

20-i 

77/ 

7/-9 

77-6 

73-3 

74-/ 

74-8 

75-e 

763 

770 

776 

78-5 

78-9 

79-6 

7 

UL 

1173 

!3Z'0 

/3f3 

I4I-4 

/4f-7 

1309 

/333 

/eo-/ 

/B4-6 

169-0 

1733 

/773 

787-6 

/83-7 

LU 

i9-^ 

9M 

9B-^ 

9gS 

/W 

/067 

/OH 

//3'0 

//64 

773-7 

773/ 

/7f4 

7794 

737-8 

uu 

BM 

67-0 

643 

639 

674 

69-3 

77/ 

73'/ 

730 

774 

797 

87/ 

844 

8£6 

UU  3H 

374 

3H 

39-S 

4/0 

477 

434 

444 

434 

463 

475 

413 

494 

304 

UU 

/$•/ 

M-9 

177 

114 

/90 

/9-7 

703 

7/-0 

77-6 

77-Z 

77-8 

734 

240 

746 

8 

UL 

I47'Z 

/3Z3 

i574 

f67S 

fSU 

/7J-6 

/7H 

/S3-8 

/887 

7936 

/9/4 

7037 

7078 

7/7-3 

UU 

m4 

IIZ'6 

776-7 

777-0 

/735 

/79-3 

133-7 

737-8 

/478 

743-7 

149-3 

/337 

/36-9 

1603 

UL, 

7fS 

793 

Hi 

$3-0 

878 

90-9 

93-9 

968 

9H 

/076 

/03-6 

m3 

7774 

7/4-7 

LsU 

3i'0 

337 

333 

367 

38/ 

39^8 

6/4 

65'/ 

£48 

£67 

683 

704 

777 

740 

I4U 

30^3 

377 

37S 

33-9 

33-0 

36/ 

37/ 

380 

38-9 

39-9 

40-9 

4/7 

473 

434 

UU 

137 

73'S 

743 

IS-I 

/37 

/S-4 

/70 

776 

78-7 

/8'7 

/9-7 

798 

703 

70S 

9 

UL 

1664 

i7Z0 

177-6 

IS33 

/894 

/93/ 

700$ 

7064 

7/78 

7/73 

7777 

7780 

1357 

7384 

Ltli 

iZi-2 

BZ9 

1375 

147-3 

7474 

/37'7 

/36^8 

/m 

7637 

/70'7 

/743 

778-8 

/8M 

7871 

LzU 

93-4 

99-7 

W79 

m-4 

/09-8 

//7-S  //6-e 

/70-4 

/74-/ 

f776 

/5/-0 

/344 

/377 

/47-0 

Uli 

B7'4 

m 

7Z-7 

74S 

77-3 

80'l  87-7 

85-2 

876 

90'/ 

975 

949 

975 

999 

l*U 

433 

4e-i 

483 

49-6 

50-8 

574 

55-8 

334 

36-3 

3H 

60Z 

6/9 

653 

653 

LsU 

76-7 

773 

/M 

79-3 

503 

3/-S 

375 

337 

359 

34-S 

35-7 

363 

377 

38-0 

k. 

g 

1 

f 

■ 

■ 

M 

J 

1 

1 

I 

1 

1 

■ 

1 

Wkrx  TRCssB. 

I 

I 

1 

■■ 

"                                            TABLE  MI. 

MAxmm  Sbxass  »  Tki-ss  Budges  pok  Cooraa's  E50  Loaooig. 

/ 

\ 

\j 

\ 

SmARS  FOff  imOO&i  SPANS 
COOPER'S  &50  LQMiNC 

Shears  in  Thousands  oF  Pounds  For 

i4            L.            It            4           I4 

OneRsi/^ 

4Wb 
8r'^ 

hmb 

/4wy/*  0fP»nei 

! 

;9tr 

^r 

loV 

7or 

i/r 

7;r 

/// 

itf" 

73'J 

73-6' 

740^ 

74'r\ 

//;- 

75'6^ 

3 

L.L, 

T^i 

7^0 

73-Z 

. 

4 

L.L. 

9H 

m7 

m-0 

105-6 

IOi'7 

ao-T 

:73-7 

!L>5 

117-7 

J700 

7777 

174^ 

C^3 

ly/ 

Ui 

iH 

5^5 

Bt-h 

5H 

53'/ 

540 

549 

76^ 

554 

567 

574 

58-7 

59<j 

59-7 

6i>5 

L'ls 

l-i'5 

14-7 

15-0 

15-5 

/5-6 

/99 

/6-5 

76-7 

77^ 

77-7 

77^5 

774 

747 

5 

Ul, 

!i^4 

ilH 

136-6 

/39i 

/4^9 

146-0 

7494 

/57Q 

{549 

157-8 

ms 

1655 

7661 

f644 

u. 

75^ 

774 

79'f 

i09 

S76 

uJ 

4$-/ 

48-0 

899 

9/'7 

935 

95^7 

96-6 

94-5 

Lil-i 

57S 

SS-! 

,W 

394 

403 

4^9 

4/-6 

47-3 

47-9 

43-7 

443 

45^ 

45-5 

445 

6 

I.L, 

fM 

IffH 

!6SI 

771-7 

7757\ 

77i'S 

747-3 

745-4 

/49Z 

7976 

1959 

/9»7 

7075 

7059 

1,1. 

iOH 

WH 

lihO 

173-6 

//6-0 

774^5 

(704\ 

/73'7 

1754 

/779 

7504 

13^ 

f545 

(544 

Uls 

ffi7 

$7'f 

6H 

65-/ 

664 

647 

69-6 

7/-3 

779 

745 

759 

774 

74-6 

407 

liU 

30^7 

M7S 

31^4 

37'/ 

37S 

35U 

340 

543 

350 

555 

36-0 

56-6 

577 

376 

7 

L.i, 

H^7 

193^9 

/97i 

.V/*/ 

7055 

709^ 

7/57 

7/79 

77/4 

775S 

T797 

753-6 

7374 

:4:-4 

LLz 

fSS-9 

39^ 

m-o 

/45^ 

7479 

/50^ 

7539 

136-1 

1593 

/67/ 

/64^ 

/676 

/703 

/75Z 

IrU 

/// 

$7-0 

931 

954 

975 

996 

707-6 

/03-4 

/05S 

/079 

7094 

/77-4 

7/36 

//56 

UL, 

SJ-S 

S7^4 

S34 

545 

555 

56-7 

57^ 

59-3 

60^ 

67-/ 

63^ 

647 

654 

67/ 

Us 

/f/ 

FH 

/6-3 

76-9 

77-4 

74-0 

7F5 

79-0 

794 

799 

50-3 

504 

373 

3/4 

8 

1,1, 

7/7-/ 

77/-7 

7Z63 

730^ 

755^ 

7399 

7443 

744^9 

7534 

7544 

7675 

7677 

77/5 

776-0 

LU 

/^•/ 

167-7 

{71-3 

174S 

/7S'7 

/S/-7 

/&5^ 

/444 

/9/7 

/95/ 

/94-3 

707-7 

7049 

7093 

lU, 

///V 

U9S 

IZd'S 

/757 

/776 

/3a5 

f37'9 

/354 

7374 

/443 

1477 

14^7 

f475 

750-0 

A^ 

/v 

7?S 

7H 

S/'7 

i3-6 

$55 

475 

897 

970 

974 

945 

96-3 

94-0 

994 

I.4IS 

44'^ 

45-i 

46-/ 

474 

44-0 

490 

49-9 

5/4 

57'/ 

55/ 

547 

555 

56-4 

574 

hU 

Zl^ 

?f'9 

Fi4 

?39 

FS4 

75-S 

744 

749 

75-3 

75-7 

764 

765 

769 

773 

9 

U, 

Z4H 

74S4 

7539 

7590 

764^ 

7697 

774i 

7794 

7445 

7497 

7949 

7999 

$049 

3/04 

Ur 

f9/-4 

1934 

1993 

7035 

7075 

7/75 

775-6 

7/94 

7753 

7777 

73/-0 

/349 

7344 

7473 

lUf 

I44Z 

I4M 

1506 

/53'S 

/56'9 

760^ 

/65^ 

/66*0 

/690 

/730 

f75V 

/77S 

J804 

/838 

LiL4 

/C7'4 

1049 

1075 

/09'7 

/77'0 

774^ 

f74-6 

//49 

7777 

/7M 

/755 

7774 

7799 

/37-0 

Us 

$?0 

BU 

70-/ 

7/-7 

753 

749 

7f4 

7M 

795 

if-7 

474 

$45 

t5i 

$7-4 

U, 

3^7 

394 

404 

4/'J 

47-7 

43^ 

43-9 

44-9 

454 

46-7 

47-6 

444 

49-^ 

5H 

17tJ 
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TABLE  VIII. 
Maximum  Shears  in  Truss  liRiLKiES  for  Cooper's  E50  LoADwa 

5hfap5  for  thr0u6h  spans 
Cooper's  E-BO  Loapjns 

Shears  in  Thousands  oF  Pounds  For 
One  Raih 


oF 

in 
BriJje 

ffltds 

Len^f^  oF  panel 

/^1 

2f^6' 

27^0' 

27V 

28-V 

28-y 

29kf 

29^ 

30'0' 

3/r 

32-r 

35^0' 

34-r 

53^0" 

i 

Lei, 

4 

LL, 

m9 

I33'I 

135-2 

1573 

139-3 

14/-3 

143-6 

/43-S 

/4?-9 

L,U 

61-3 

62*! 

62-9 

63-S 

646 

636 

66*5 

674 

683 

L:L, 

m 

/U 

18-9 

79-7 

193 

/9-6 

79-8 

20-1 

20-3 

5 

UL, 

I7i'4 

I74-i 

176-7 

1794 

181-9 

1845 

1870 

1896 

!9Z-0 

1971 

2024 

2073 

212-6 

2/76 

i-ih 

mi 

101*9 

W5'6 

1054 

107-1 

108-9 

1706 

1/2'S 

1/4-0 

1/73 

720-3 

/2J3 

1263 

/293 

ULi 

46^9 

477 

4.e^3 

490 

496 

30-3 

3/3 

32-1 

328 

34-3 

338 

573 

33-/ 

60-8 

6 

UL, 

2$S'0 

212-2 

2754 

218-6 

221-8 

2Z49 

228-0 

23/1 

2U'2 

2403 

246-6 

252-8 

2594 

2633 

L,U 

mo 

147-3 

1435 

745-8 

148-0 

1503 

152-4 

134-6 

736-7 

1608 

7637 

769-3 

173-3 

1773 

Uj 

8/-S 

83-0 

843 

8S-7 

87-0 

88-4 

896 

9/7 

924 

93-0 

973 

mo 

102-3 

103-7 

IU4 

3i-/ 

38'$ 

391 

39-6 

40-0 

40-3 

41-0 

4/'7 

424 

436 

43-/ 

463 

47-8 

49-3 

lU. 

245-2 

2491 

2538 

256-6 

2604 

264-1 

2677 

27/4 

273-0 

282-3 

2896 

297/ 

3046 

3720 

7 

L,h 

175^3 

178-8 

181S 

1844 

187-0 

189$ 

192-3 

1934 

(97-3 

203-3 

t^H 

273-8 

2788 

224^ 

UL, 

i/?4 

fl93 

121-1 

1/3-0 

124-8 

IFfB 

128-3 

150-Z 

131-9 

1333 

138-8 

/4Z-3 

146-0 

1496 

L,L4 

$^3 

696 

70-8 

7Z-0 

73-1 

74-3  75-4 

76-7 

77-8 

80-7 

824 

845 

86-6 

88-8 

uu 

32'/ 

32-6 

330 

33-5 

33^3 

34-3  34-6 

33'/ 

336 

363 

37-3 

383 

39-8 

470 

8 

UL, 

IS^4 

2S4'9 

zm 

2936 

29^9 

30Z-3 

3063 

3/0-9 
2354 

3/5-0 

3233 

5320 

3406 

34% 

3579 

UU 

2/AS 

2/5-1 

27H 

227-8 

225^ 

228-4 

237-7 

238-2 

7446 

25/-0 

257-3 

2638 

270-0 

LU, 

I5B 

/54/7 

mo 

7594 

767-7 

164-0 

1661 

168-3 

1708 

1734 

/iO-/ 

/84-8 

/893 

193-3 

I-U4 

Wh4 

103-1 

1046 

106-3 

107-9 

1093 

11/0 

7126 

114-1 

1/73 

1203 

1233 

1263 

129-5 
76-7 

Lds 

3S-4 

595 

$05 

676 

6U 

63-7 

64i 

63-9 

$6-9 

68-9 

70-8 

728 

74-8 

Lsh 

27-6 

280 

284 

218 

Z9-7 

293 

299 

304 

30'f 

37-3 

325 

33-3 

343 

352 

9 

id, 

3/S'O 

320-7 

3Z571 

330.0 

5U9 

5399 

5447 

1497 

5345 

364/ 

373-8 

5835 

5935 

40^ 

ULf 

2m 

25^6 

2545 

258-5 

262-4 

266-3 

2702 

2740 

27^8 

28U 

293-0 

300.5 

3080 

3/33 

UU 

m-7 

1896 

1934 

193-3 

1930 

2009 

20M 

206-7 

2095 

2/33 

22/0 

226-8 

252-5 

Z58Z 

L,L, 

I34'l 

136-3 

1384 

1405 

142-5 

144-6 

1466 

/48-6 

7504 

/34-8 

1388 

162-7 

1666 

170-5 

Ids 

S8'$ 

904 

978 

93-3 

94-8 

96-2 

97-6 

99-0 

1004 

103-1 

105-S 

lOS-B 

11/-3 

7/40 

LUt 

5h5 

524 

533 

54-i 

53-0 

339 

56-8 

576 

58-4 

60-3 

62-0 

63-S 

65-3 

67-2 
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TABLE  IX.                                                                            J 

Maxiuuu  Bending  Moments  in  Pratt  Truss  BRiDfiES  for  Cooper's  E50  Loading.             1 

/             '  ■ 

\                 V 

\. 

BEND7N6  MOMENTS  FOR  TH7?0U6H  5PAN5        1 

Cooper's  £-30  Load7N6              1 

Moments  7i?  Thousands  oF  Foof-Poun<fs  Fpr        \ 

1 

^/       ^       4       A       4 

One  Rail- 

1 

• 
1 

k 

1 

/ttair/- 

P3J7*J 

Point 

Length  of  Pane f 

1 

8^0" 

9'~0'' 

70'-0' 

//V' 

/2'-0' 

/z'-e" 

73-0" 

/jV 

/4'-0'' 

/4-'^" 

/5'-0" 

/5'-6'' 

J 

L 

325 

39Z 

464 

342 

679 

667 

707 

755 

803 

856 

900 

952 

4 

L, 

4^^ 

£3Z 

632 

743 

839 

973 

982 

/04f> 

77/5 

!/63 

/Z34 

l'>24 

U 

369 

68/ 

82/ 

964 

///O 

7789 

1269 

/332 

/447 

/B29 

7624 

7720 

5 

L, 

S40 

662 

792 

9Z9 

/07/ 

//40 

72/7 

/29B 

/389 

7480 

/380 

7679 

U 

790 

964 

I/4S 

/36/ 
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Maximum  Besdinc  Moments  is  pR-%rr  Truss  Bridges  fox  Cooper's  E50  Loading. 

B£NDiN6  Moments  for  Throu6H  Spans 
Cooper's  E-SO  Loading 

Moments  In  Thousands  oF  Foot-Pounds  For 
One  Pa! h 
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SHEARS  AND  MOBiENTS  IN  A  PLATE  GIRDER  BRIDGE.— The  maximum  ihean 
and  moments  in  an  66  ft.  sfian  deck  girder  railway  bridge  are  shown  in  Fig.  20.  In  calculating  the 
maximum  liv'e  load  shears  the  girder  u-as  divided  into  sections  about  7  ft.  in  length  and  the  maxi- 
mum shears  were  calculated  as  in  a  truss  bridge.  The  maximum  bending  moments  were  also 
calculaced  for  the  eame  points  in  the  girder.  The  make-up  o(  the  tension  flange  and  the  rivet 
■pacing  is  shown  in  Fig.  20. 

The  strc^  diagram  for  a  60  ft.  span  single  track  deck  plate  girder  bridge  is  shown  in  Fig.  31. 
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Fig.  2o.    Shears  and  Moments  in  a  RAtLWAV  Plate  Girder. 


MATERIAL^ — Opcn-hearrh  carlxin  steel  complying  with  the  specifications  of  the  Am.  Ry. 
Eng-  Assoc  as  given  in  the  last  part  of  this  cliapter  is  commonly  used  for  bridges  up  to  spans 
erf  500  to  550  feet.  For  spans  of  more  than  500  or  550  feet  to  about  650  feet  carbnn  and  nickel 
steel  are  used,  or  nickel  stc-el  alone  is  used.  For  spans  of  650  to  750  feet  nickel  steel  alone  should 
br  uftcd.  For  an  exhaustive  diflru.ssinn  of  the  use  of  nickel  steel  in  the  construction  of  bridges  see 
article  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell.  M.  Am.  Soc,  C.  E.,  in  Trans. 
Am.  Hoc.  C.  E.,  Vol.  63,  1909.  An  excellent  discussion  of  the  design  of  lau^e  bridges  is  given  in 
"Design  of  Large  Bridges  with  Special  Reference  to  the  Quebec  Bridge"  by  Ralph  Modjcski, 
Constilting  Engineer,  in  Journal  Franklin  Institute,  September,  1913. 

ALLOWABLE  STRESSES.— The  allowable  stresses  on  carbon  steel  as  adopted  by  the  Am. 
Ry,  Eng.  Assoc,  are  giwn  in  the  sjx^ifications  in  the  last  part  of  this  chapter.  Out  of  39  railroads 
in  the  Unite<l  States  24  VL-re  using  the  Am.  Ky.  Eng.  Assoc,  specificationn  for  allowable  unit 
in  1913.     For  additional  data  on  unit  strcascs,  sec  Table  XVI. 
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Chap.  IV; 


ECONOMIC    DESIGN    OF   RAILWAY   BRIDGES.— Pin-conncctcd    truss   bridges  have 

been  uwd  for  railroads  on  account  of  the  ease  of  erection,  ease  in  calculating  the  stresses,  and  the 
simplicity  of  details  which  give  small  secondary  stresses.  The  present  practice  in  railway  bridge 
design  is  to  use  plate  girders  for  spans  up  to  about  115  ft.,  and  riveted  triif^s  bridges  for  looger 
spans;  pin-connected  bridges  being  used  only  for  very  long  spans  and  for  spans  of  300  ft.  and  over 
where  there  is  some  special  reason  such  as  case  of  erection  or  low  coat.  The  author  would  recom- 
mend pin-connected  truss  bridges  for  all  spans  of  200  ft.  and  over  for  the  following  reasons: — 
(i)  the  weight  of  a  pin-conncctcd  truss  bridge  with  eye-bars  is  less  than  the  weight  of  a  riveted  truss 
bridge  uf  the  same  span  and  capacity,  and  while  the  shop  cost  per  pound  of  pin-connected  truss 
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tlhaii  far  rhrted  tms  bcvlcest  tke  total  coA  meted  of  the  stnictml 
Med  ia  the  pw-coBsccted  bridge  is  leas  Uiaa  the  fttd  £■  the  rrwtcd  bridfe.  (2)  The  |icft-cQ»- 
Bccted  tnas  bridge  can  be  erected  m  lc«  time  At  a  very  Boch  \e»  cost  than  the  tWucd  tmss  bri(%eh 
(y)  The  aecaoduy  aucia  in  the  ^m  nwmwiul  tuns  bridge  are  aaaHcr  thaa  is  the  riveted  tnaft 
bridge  aad  the  itnactive  is  man  cfiocat.  Ci)  Wkh  the  pceacatt  halaftrrt  Ooocs  the  -ribntk* 
aid  knpact  itmea  are  bo  gpmm  ia  a  pia-ooaaecced  nam  bridge  thaa  ia  a  tiivted  tran  bridge^ 
Riveted  tnwina  aieiBbcra  afe  liffint'T  to  deaga  aad  are  enirimiie  of  nntcrial  aad  labor.  E>-«^ 
bars  are  idea]  inrJiwi  acoftbers  ia  which  the  attrerial  is  ued  cftoeatly.  For  the  above  laaMaa, 
the  author  predicts  that  the  pia-cooaected  faridffe  for  spaas  <d  300  ft.  aial  over  win  ragua  ita 
pbce  as  a  itandaxd  type  of  ntkxwd  bridge. 

The  P)ratt  truss  with  paraBri  chords  is  oaed  for  pia-oooaected  spans  op  to  about  750  fL, 
vhtle  riveted  truss  spatks  are  made  with  Pratt  or  Warren  trasses;  double  and  triple  intersectioa 
tnnaes  are  abo  used  for  riveted  truMea.  For  lao|s  spaa  bridges  the  subdivided  Pratt  truss  with 
inrfined  chords  (Petit  truss)  u  geoeraDy  osed.  The  width  center  to  oester  of  trusses  should  aoC 
be  less  than  ooe-twcofieth  of  the  spaa,  and  prfferaMy  not  leas  than  oiK^ightPcnth.  The  hei^t 
at  the  center  ■houM  be  fram  one-fifth  to  one-acveoth  of  the  span;  the  Municipal  BriOge  ac  St. 
Louis  has  a  center  height  of  ooe^^ixth  of  the  span.  The  height  at  the  ends  should  be  only  sufbcieort 
for  an  effective  portaL  The  most  eoooomical  tncliaation  of  diagooab  is  very  nearly  40  degrees* 
so  that  in  a  Petit  tntss  the  panel  length  should  be  about  0.43  times  the  height.  For  the  most 
eoonamical  web  system  the  panels  dioold  vary  in  les^h  as  the  depth  varies,  but  this  increases 
the  weight  of  the  floor  and  also  increases  the  shop  cost  and  cost  of  erectioo,  so  that  constant  panel 
lengths  arc  commonly  n»d.  One  raUroad  speciScation  requinrs  that  panel  lengths  shall  not 
exceed  55  feet.  For  truss  bridges  of  the  Piatt  type  n-ith  Vtko  stringers  and  an  open  timber  fioor 
the  present  practice  is  to  use  a  panel  lengthof  22^1027!  ft.,  «-ith  2$  fL  as  an  average.  Increasing 
the  length  of  the  panels  increases  the  weight  of  the  floor  sj-stem.  and  decivases  the  weight  of  the 
trusses.  The  economical  panel  lengths  for  bridges  with  baUa:>ted  floor  is  less  than  for  bridges  with 
open  timber  floor.  Riveted  truss  bridges  with  triplointcracctioa  web  members.  Fig.  41,  are 
made  with  very  short  panels. 

With  the  increase  in  the  siae  of  the  sections  in  a  bridge  fcrrat  care  must  be  taken  in  detailing 
to  use  details  that  will  develop  the  full  strength  of  the  members.  Increased  detaib  increase  the 
Aop  cost  and  for  this  reasoa  there  is  a  tendency  for  bridge  companies  to  cut  down  details  and  to 
duuige  details  so  as  to  simplify  shop  worlc  even  at  the  expense  of  added  weight  in  order  to  obtain 
a  low  pound  price.  For  this  reason  detail  drawings,  not  necessarily  shop  drawings,  should  alwa)** 
be  made  by  the  designing  engineer.  The  author  has  in  mind  a  case  where  to  change  the  details 
of  a  plate  girder  so  that  multiple  punches  might  be  used  required  the  addition  of  details  equal  to 
5  per  cent  of  the  weight  of  the  span  and  the  addition  of  25  per  cent  to  ihr  number  of  6eld  ri\xts, 
with  no  increase  in  cflicicficy.    It  is  needless  to  say  the  change  was  not  made. 

An  empirical  rule  for  calculating  the  economical  depth  of  plate  girdtT  spans  is  to  tmahe  fAtf 
ama  of  tkt  Jtangts  fqual  to  the  area  of  the  vrbs.  The  actual  depths  of  plate  girders  arc  commonly 
slightly  less  than  the  depth  given  by  the  above  rule.  The  minimum  thickness  t)f  {  inth  for  plate 
girder  wrbs  should  be  used  only  for  stringers  with  short  .^pans.  and  the  thickness  of  the  web 
should  be  increased  as  the  span  and  depth  of  the  girder  increases.  For  the  depths  and  spacing  of 
piUte  girdrrf  designed  und*^  Common  Standard  Specifications  lOoG,  see  Table  I. 

DETAILS  OF  RAILWAY  BRIDGES.— It  is  ver>'  important  that  the  details  of  railway 
bridges  he  worked  out  with  great  care,     -'\  few  standard  details  will  be  briefly  described. 

Sections  for  Chords  and  Posts. — Chord  ^vctions  ore  shown  in  (a)  to  (i)  in  Fig.  23.  Scctiona 
(a)  Aod  (b)  are  uHrd  for  light  chords  and  (c),  (d)  and  (e)  for  heavy  chords.  Sections  <a)  and  (d)are 
also  made  by  turning  the  angles  in,  as  in  section  (i).  Scctbns  (f)  to  (i)  are  used  for  chord  sections, 
for  intermediate  posts  and  for  columns.  Sections  (n)  and  (p)  to  (l)  are  used  for  column  sivtions. 
Chord  irctions,  posts  and  columns  with  diaphragms  or  webs  at  right  angles  to  each  other  as  in 
(a)  to  (e),  (n).  and  (p)  to  (t)  give  much  better  results  under  actual  servit^  than  laced  sections  aa 
tfl  <0  to  (i)  and  (o).     Sections  (j)  to  (m)  and  (o)  are  used  for  struls  and  braces. 
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Floors. — Bridges  may  have  open  timber  floors  as  in  Fig.  23,  or  ballasted  floors  as  in  Fig.  24, 
or  in  Fig.  25.  For  track  elevation  and  for  bridges  croeni^  aver  streets,  buildings,  and  similar 
locations  and  for  ballasted  floors,  the  bridge  floor  is  waterproofed  and  the  water  falling  on  the 
floor  is  carried  to  the  ground  through  properly  arranged  drains. 
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Fig.  22.    Types  of  Columns  and  Top  Chord  Sections. 


Details  of  the  standard  timber  floors  used  by  the  Southern  Pacific  R.  R.,  the  Union  Pacific 
R.  R.  and  other  Harriman  Lines  are  given  in  Fig.  23.  For  additional  details  of  open  timber  floors 
see  Fig.  i  and  Fig.  2,  Chapter  VU.    The  American  Railway  Engineering  Association  in  1913 
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recommended  that  guard  timbers  be  umkI  on  all  oiwn-floor  bridges,  also  that  guard  rails  be  used 
on  all  bridges,  and  that  the  guard  rails  should  extend  at  least  50  ft.  beyond  the  end  of  the  bridge. 
For  additional  details  see  Chapter  Vll,  "Timber  Bridges  and  Trestles.'* 

Details  of  a  ballasted  Hoor  with  a  reinforced  concrete  slab  deck,  and  a  ballasted  floor  with  a 
timber  deck,  as  designed  and  used  by  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  are  given  in 
Fig.  24.  The  reinforced  concrete  slabs  are  made  either  at  the  bridge  site  or  at  some  other  con- 
venient location  and  are  hoisted  into  place  after  the  concrete  has  gained  sufficient  strength. 

The  Chicago,  Burlington  &  Quincy  K.  R.  uses  reinforced  concrete  slabs  for  a  ballasted  deck 
on  deck  girders  that  differ  from  the  Chicago,  Milwaukee  &  St.  Paul  slabs  in  Fig.  24,  in  the  following 
details.  The  reinforced  concrete  slabs  are  14  ft.  long  in  place  of  13  ft.;  and  are  5  ft.  wide  in  place 
of  3  ft.  7  in.  The  top  of  the  slabs  and  the  edges  of  the  slabs  are  painted  with  tar  paint  (made  of 
16  parts  coal  tar,  4  parts  Portland  cement,  and  3  parts  kerosene).  The  edges  of  the  reinforced 
concrete  slabs  arc  beveled  and  after  the  slabs  arc  laid  the  joint  between  the  slabs  is  packed  with 
oakum  for  a  depth  of  1  in.  at  I  he  IxMtom  and  the  remainder  of  the  joint  i*  filled  with  I  to  3  Portland 
cement  mortar.  Where  the  reinforced  concrete  dock  is  placed  on  a  deck  girder  with  cover  plates, 
a  strip  of  No.  22  gage  lead  3  in.  wider  than  the  cover  plate  is  placed  on  top  of  the  cover  plate  and 
forced  down  over  the  rivet  heads.  After  the  slabs  have  been  put  in  place  and  blocked  up  to  the 
proper  elevation  the  space  between  the  lead  sheet  and  the  slab  is  filled  with  I  to  3  Portland  cement 
mortar.  The  minimum  thickness  of  the  mortar  joint  is  one  inch.  Cinders  or  slag  are  not  used 
for  ballast  on  reinforced  concrete  slab  decks. 

A  standard  reinforced  concrete  floor  for  a  through  plate  girder  bridge  as  designed  by  the 
Chicago.  Burlington  &  Quincy  R.  R.  is  shown  in  Fig.  25.  The  concrete  is  1:2:4  Portland 
cement  concrete.  The  upfwr  surface  uf  the  concrete  slab  is  ]jainted  with  coal  tar  paint,  the  same 
as  the  deck  slabs.     Zinc  sheets,  No.  22  gage  and  8  in.  wide  are  placed  on  the  tops  of  the  floorbcams. 

A  steel  plate  ballasted  floor  on  a  through  riveted  truss  bridge  is  shown  in  Fig.  41. 

WATERPROOFING  BRIDGE  FLOORS.— The  problem  of  waterpro<jfing  bridge  floors  is  a 
difficult  one  and  has  Ixs'n  worked  out  in  great  detail  by  the  engineers  of  many  railroads,  and  by 
the  American  Railway  Engineering  Association.  For  a  very  full  discussion  of  the  problem,  see 
the  proceedings  of  the  American  Railway  Engineering  Association,  especially  V'olume  14,  1913, 
and  Volume  15,  1914.  The  following  extracts  from  the  report  of  a  committee  of  the  American 
Railway  Engineering  Association  presented  at  the  annual  meeting  of  the  society  in  March,  1914, 
are  of  value. 

The  methods  of  waterproofing  are  stated  as  follows: — 

"The  ordinary  mcthorls  of  waterproofing  arc. 

"(1)  Coatings:  (a)  IJnseeri  nil  fwints  and  varnishes,  (b)  Bituminous;  asphalt  and  coal  tar. 
(c)  Liquid  hydrocarbons,     (d)  Miscellaneous  compounds,     (e)  Cement  mortar. 

"(2)  Membranes:  Felts  and  burlaps  in  combination  with  various  cementing  compounds. 

'*(3)  Integrals:  (a)   Inert  fillers,     (b)  Active  fillers. 

"  (4)   Watertight  concrete  construction" 

The  conclusions  reached  in  the  report  are  as  follows: — 

*'(i)  Watertight  concrete  may  be  obtained  by  proper  design,  reinforcing  the  concrete  against 
cracks  due  to  expansion  and  contraction,  using  the  proper  proportions  of  cement  and  graded  aggre- 
gates to  secure  the  filling  of  the  voids  and  emplo>'ing  proper  workmanship  and  close  supervision. 

"(2)  Membrane  waterprcKifing,  of  either  asphalt  or  pure  coal  tar  pitch  in  connection  with  felts 
and  burlaps,  with  proper  number  of  layers,  good  materials  and  workmanship  and  good  working 
conditions,  is  recommentUd  as  good  practice  for  water proojing  masonry,  concrete  and  bridge  floors. 

**(3)  Permanent  drainage  of  bridge  floors  is  essential  to  secure  good  results  in  waterproofing. 

"(4)  Integral  methods  of  waterproofing  concrete  have  given  go<xl  results.  Special  care  is 
required  to  proixrrly  proportion  the  concrete,  mix  thoroughly  and  deposit  projx'rly  so  as  to  have 
the  void-filling  comp<3unds  do  the  required  duty;  if  this  is  neglected  the  value  of  the  compound  is 
lost  and  its  waterproofing  effect  is  destroyed.  Careful  tests  should  be  made  to  ascertain  the 
proper  proportions  and  effectiveness  of  such  compounds.  Integral  cnmjfKamtln  should  be  used 
witn  caution,  ascertaining  their  chemical  action  on  the  concrete  as  well  as  their  effect  on  its 
strength;  as  a  general  ruie,  integral  compounds  are  not  to  be  recommended,  since  the  same  results 
as  to  watertighlness  can  be  obtained  by  adding  a  small  percentage  of  cement  and  properly  grading 
the  aggregate. 
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**(^)  Surfatv  roattngSt  such  as  cement  mortar,  asphalt  or  bituminous  mastic,  if  properly 
iipptinl  to  inasttnry  reinforced  against  cracks  produced  by  settlement,  expansion  and  contraction, 
niiiv  !k'  muvrnsfuHy  usotl  for  waterproofing  arches,  abutments,  retaining  walb,  reservoirs  and 
Hiinil.tr  Hinictun's;  for  imporUxnl  work  undo"  high  pressure  of  water  these  cannot  be  recommended 
for  ij//  tomiitums. 
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C.  IJ.  &  Q.  R.  R. 

"rr,;  Siuf.ire  brush  c'xtting<f,  such  as  oil  paints  and  %'amishes,  are  not  considered  reliable  or 
hi-'ilnu  fnt  \t.ihrpronfin^  of  mcsonry." 

/'Ill  till  iiilfranc  mfrtho'i  of  waterproofing  bridge  floors  will  be  shown  by  describing  the  standard 
f«ii.iii<4<t.-  •«)  vk.itiTpr'Xjfing  in  use  by  two  railroads. 

I  If  K  A<;0,  MaWAUKEE  &  ST.  PAUL  RY.  SPECIFICATIONS  FOR  WATERFROOFIIIG. 
*  (it.  c-(H .  i(j<  .iiions  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.  for  waterproofing  are  as  follows-. 

\  \f  IK .  t  ".try  prMvi-i<in  for  drainage  and  exp;insion  must  be  made  in  designing  the  structure. 
II...  Y.  ii' tj.io'ihii'^'  -li'Mild  nt*vir  Ik*  compelled  to  resist  hydrostatic  pressure,  and  the  membraDe 
J.. .1.1. 1  .il«.i*,-  In   \tTnU-i'\*t\  by  a  layer  of  concrete. 

'ti  I'ri'liminsry.     I-'ill  all  ofM'nin^s  and  pockets  in  the  concrete  except  expansion  joints 
«.iii.  . . ....  I.I  iii.»ri;ir.  and  round  off  all  sharp  corners.     Wherever  waterproofing  stops  on  a  vertical 

,,  .i.r... .   1 1,.  )  ti«|  -.|(.,ij],i  i„.  (l.t-Nlirfl  into  a  gn>ove  in  the  concrete. 

'.  I'fc-fMrinK  'he  Surface.  Thonitighly  clean  anrl  dr\'  the  concrete  surface  using  wire 
l.in  J.< .-  iifl  I..  Ill-  )  .ir<  fill  to  n  in<»vr  .ill  tlu*  laitance.  If  necessar\'  use  hot  sand  to  dry  the  con- 
• »'  "  "mi  '>  •'  *"'*  *•'  ^M*-<l<"nr  to  the  rioan  dr\-  surface  and  follow  with  a  coat  of  cold  {Mimer, 
.  ( 1.  ...li..^  1 1.,   i^itiii  I  t  \i  niv  with  a  brush.     Omit  the  primer  whcrv  tar  paper  is  to  be  placed  and 

.-Vi  I    I    •  ;>  lie  I'  *ii   J'fitlf  > 

•.■  I.iiyin|i;  thr  liiirUp.  \ficT  thr  primer  coat  has  completely  dried,  apply  a  coat  <rf  pure 
1"  <  .'  "I.  .11  -Mid  ttiM].  tiiiiil  till  !av<'r  has  a  thirkness  of  \  in.  While  the  asphalt  is  still  hot  begin 
I.>,.i.^  t!.<  i.iiiLii'  I  .IV  ili<  f)fi  Mtip  iif  burlap  transverse  to  the  drainage  at  the  lowest  pcnnt. 
I  .*,  1 1.4   ..iM[i.-  rliiti>'l(  f.l^lll'm.  an  for  tar  and  gravel  roofs,  and  parallel  to  the  first  strip  working 
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up  to  the  summit  and  cxpu!>ing  one-third  of  each  width  of  burlap  to  the  n'cather.  Press  each 
strip  firmly  into  ilie  asnhatt.  then  mop  well  with  pure  melted  a!Sphaic  taking  care  to  thoroughly 
aturalc  the  burbp  and  to  fill  all  cracks  and  blow  holes.  Lap  the  joints  in  the  strips  6  in.  Oa 
ihb  thrtc-ply  layer  of  burlap  spread  a  continuous  layer  of  hot  asphalt  mopping  well  until  a  layer 
of  I  in.  is  obtaineil.     Sec  (f.)  Fig.  26. 

(4)  Summit  Joints. — After  the  work  has  been  brought  up  to  the  desired  point  from  both 
sides,  intcrlap  in  order  the  strips  which  reach  across  the  joint,  mopping  asphalt  between  burlap 
surfaces.  Place  a  strip  of  burlap  along  the  joint  for  a  closing  strip;  and  complete  by  laying  the 
upper  I  in.  of  asphalt  as  before  oescribed.     See  (g)  Fig.  26. 

is)  Longitudinal  Joints. — If  possible  the  waterproofing  should  be  bid  in  one  run  the  full 
width  trans^'ersc  to  the  tirain  slope  of  the  surface  to  be  waterproofed.  The  ends  of  the  burlap 
strips  should  be  Hashed  into  recesses  in  the  walls,  curl>s  or  parapets  as  shown  in  (c)  Fig.  26.  Where 
longitudinal  joints  are  necessary  cut  the  burlap  long  enough  to  extend  12  in.  beyond  the  primed 
and  asphalted  surface  of  the  concrete  and  use  care  as  the  strips  arc  laid  that  the  12  in.  strip  is 
kept  free  from  asphalt.  When  the  succeeding  section  is  to  be  waterproofed  fold  back  the  projectiMf 
Mrips  of  burlap  over  the  completed  waterproofing  and  bring  the  new  up  against  the  completed 
portion  of  the  waterpnwfing.  interlapping  the  projecting  ends  of  the  burlap  with  the  new  burlap 
as  the  work  progresses,  (fj  Kig.  26.  On  concrete  trestle  or  subway  slabs  longitudinal  joints  in 
the  waterproofing  should  preferably  be  on  the  center  line  of  the  slalM.  If  it  is  necessary  to  place 
joints  in  the  waterproofing  over  joints  in  the  slabs  special  care  should  be  taken. 

(6)  Expansion  Joints. — Lay  two  continuous  strips  of  tar  paper  36  in.  wide  over  the  expansion 
joint,  being  carvful  tu  sec  that  no  asphalt  gets  between  or  under  the  two  strips  of  tar  paper.  Then 
mop  the  top  strip  with  hot  asphalt  and  carr>'  the  waterproofing  over  the  top  of  the  paper  the 
same  as  if  no  joint  exii^tcd.     S^  (b)  and  (h)  Fig.  26. 

(7)  Concrete  Protection. — .\ftcr  the  i  in.  layer  of  asphalt  on  top  of  the  burlap  has  become 
cold,  spread  a  f  in.  layer  of  concrete  evenly  over  the  surface.  Then  press  a  layer  of  expanded 
metal  mto  the  concrete,  and  cover  the  metal  with  a  Iunxt  of  concrete  |  in.  thick  making  the  total 
thickness  of  the  concrete  I  J  in.,  and  trowel  the  concrete  smooth.  Protect  the  concrete  from  the 
sun  for  24  hours  after  laying.  The  joints  in  the  expanded  metal  should  be  lapped  6  in.  See  (d) 
Fig.  a6. 

(8)  Materials. — Burlap. — ^Thc  burlap  is  to  be  treated  8  oz.  open  mesh  furnished  in  widths 
of  36  in.  to  42  in. 

Concrete. — The  concrete  is  to  be  I  part  Portland  cement,  2  parts  torpedo  sand,  and  3  parts 
stone  or  gravel  that  will  pass  a  i  in.  ring. 

Mortar. — The  mortar  is  to  be  I  part  Portland  cement  and  2  parts  washed  torpedo  sand. 

Primer. — The  primer  is  made  by  pouring  hot  asphalt  in  80  per  cent  gasolene  until  mixture 
will  spread  readily  with  a  brush. 

Asphalt. — Pure  asphalt  conforming  to  acceptwi  specifications  is  to  be  used.  Before  using 
the  aspiialt  beat  it  in  a  suitable  kettle  to  a  temperature  not  exceeding  450°  F.  The  temperature 
is  to  be  taken  with  a  thermometer.  Asphalt  neated  above  450  degrees  F.  or  giving  off  yellow 
fumes  is  to  be  disciirded  as  overheated. 

Expanded  Metal. — The  expanded  metal  is  to  be  equivalent  to  Northwestern  Expanded 
Metal  Co'b.  '*2\  in.  Xo.  16  Regular"  expanded  metal. 

Tar  Paper. — 'V\\c  t;ir  p.TrH^r  will  !«_•  furnished  in  rolls  36  in.  wide. 

CHICAGO,  BURLINGTON  &  QUINCY  R.  R.  SPECIFICATIONS  FOR  WATERPROOF- 
IKG. — The  specifications  of  the  Chicago,  Burlington&QuincyR.R.  for  waterproofing  are  as  follows: 

(l)  Description. — The  waterproofing  sh.ill  consist  of  a  mat  of  4-ply  of  burlap  and  l-ply  of 
felt  thoroughly  saturated  and  bonded  together  with  waterproofing  asphalt  and  covered  with  one 
inch  of  sand  and  asphalt  mastic. 

(i)  Preparing  the  Surface. — The  surface  of  the  concrete  shall  l>e  smooth,  clean  and  dry. 
Upon  this  surface  apply  a  coat  of  primer,  which  shall  be  thin  enough  to  penetnite  the  concrete 
and  form  an  anchorage  for  the  waterproofing.  No  waterproofing  shall  be  done  when  the  temperature 
it  Itii  than  60  def/ees  F. 

fl)  Applying  the  Burlap. — After  the  priming  coat  has  dried,  a  hea^'y  coat  of  waterproofing 
asphalt  heated  to  a  temperature  of  100  degrees  r.  shall  be  applied  with  mops  the  width  of  the 
buriap,  and  while  the  a-iphalt  is  still  hot  a  layer  of  burlap  shall  Iw  bedded  in  it.  The  burlap 
shall  be  laid  just  behind  the  mopping  and  shall  be  swept  free  from  folds  and  pockets  with  a  broom. 
The  surface  of  the  burUip  shall  be  heavily  mopped  with  waterproofing  asphalt.  Three  more  ply 
burlap  shall  be  laid  in  the  same  manner,  making  a  4-ply  buriap  mat  all  thoroughly  saturated 

bijndetl  together. 

The  top  of  the  burlap  mat  ahall  he  heavily  mopped  with  asphalt  and  one  layer  of  felt  saturated 
with  anph^ilt  shall  be  laid  on  the  burlap  iind  the  edges  of  the  felt  Uppcd  at  least  3  inches  and  scaled 
with  a»phalt.     The  top  of  this  felt  shall  also  be  mopped  with  waterproofing  asphalt. 

(4)  Mastic  Protection. — The  burlap  and  felt  mat  shall  Iw  covered  with  one  inch  of  asphalt 
iBgatic  laid  in  one  layer,  the  mastic  to  be  composed  of  one  part  waterproofing  asphalt  and  four 
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I  in.  to  5ne  sand.     The  cop  of  the  mastic  shall  be  leveled  off  with 
iMywl  vitn  waterproofing  asphalt. 

tjonift. — At  all  expansiun  joints  in  the  concrete  a  fold  to  allow  for  the  ex- 

Hrvcture  shall  be  formed  by  laying  the  burlap  and  felt  over  a  one-inch  pipe;  the 

,xJ  AS  the  nuit  is  being  completed.  _,  ^  ,        .    .  ... 

Mi)  ^Am  ttd  FUshinf. — Where  the  work  is  stopped  before  bemg  completed  at  least  3  feet 

kvlkp  it  the  cttd  aikI  ooe-half  the  width  of  the  burlap  at  the  side  shall  be  left  exposed  to  form  a 

^MCiaI  care  sluU  be  ukcn  to  seal  the  waterproofing  at  the  sides  and  ends  of  the  bridge.     The 

^^■d  nyistic  shxW  be  carried  up  the  parapet  walls  at  the  sides  and  the  ends  of  the  burlap 

•  coocreted  into  a  rece»  in  «he  walls  so  that  no  water  can  enter.     The  burlap  shall  be 

Smn  over  the  back-walls  at  the  ends  of  the  bridge  to  cover  all  construction  joinu  and 

Hmo  a  line  of  tile  to  facilitate  the  escape  of  the  water. 

WmSht^^ BmUp-—Thc  burlap  is  to  be  8  oz.  opt-n  mesh  high  grade  burlap  saturated 
-^w.    «^  TZAMiTatertlnit  the  specifications  for  watorprr>ofing  asphalt.     It  shall  come  in  rolls 
»Ek  AaThcplJHT^  ^  «»^  ^^'  shipment  and  storage,  and  shall  not  stick  t(.gcther  in  the  roll. 
^IW— The  felt  shall  be  a  good  quality  of  wool  felt  saturated  and  coated  with  an  asphalt 
'iZr the  fla«ciftcati<W!»  fi^r  waterproofing  asphalt.     It  shall  come  in  rolls  which  shall  be  placed 
JS^arahS^rn—*  and  storage,  and  shall  not  stick  together  in  the  rolL     It  shall  not  weigh  less 

rirm^r^Thc  pnm.-f  shall  be  an  aaphaltic  compound  of  approved  quality  and  capable  of 

r^ait, — The  waterproofing  asphalt  shall  meet  the  following  requvements. 
wily  of  the  asphalt  dfsinxi  shall  lie  greater  than  0.95  at  77  degrees  F. 
iru  ihall  not  be  less  than  100  degrees  F.  nor  more  than  140  degrees  F. 
,  (ihrtll  not  be  lower  than  450  degrees  F. 
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b.  A  film  of  the  asphalt  h;iving  a  thickness  nut  less  than  ^  inch  shall  be  so  pliable  at  zero 
degrees  K.  that  it  can  be  bent  in  a  radius  of  2  inches.  The  total  time  consumed  in  the  bending 
of  this  fitm  shall  not  exceed  3  seconds. 

10,  The  asphalt  Bhall  not  be  affected  by  any  of  the  following  solutions,  after  being  immersed 
in  them  for  a  ptriiHl  of  3  days: — (a)  a  25  per  cent  sotutiun  of  sulphuric  acid;  (b)  a  25  per  cent 
solution  of  hydrochloric  acid;  (c)  a  20  per  cent  solution  of  ammonia. 

FLOORBEAM  CONNECTIONS.— The  details  of  floorbcam  connections  depend  upon  the 
clearance,  depth  of  trut-s,  lungth  of  jwinuls  and  type  of  floor.  A  standard  type  of  floorbeam  con- 
nection for  a  pin-connected  truss  of  150  ft.  span  is  shown  in  Fig.  28,  and  details  of  the  lower  lateral 
connection  are  shown  in  Fig.  37.     Details  of  a  floorbeam  connection  for  a  pin-connected  tniss  with 
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iHTEkMEDIATE  FLOOR  BEAM 
Fic.  29.     Intermediatb  Floorbeam  Connection.    A.  T.  &  S.  F.  Ry. 


four  stringers  is  shown  in  Fig.  29.  Details  of  a  floorbcam  for  a  riveted  truss  bridge  are  shown  in 
Fig.  40.  Details  of  an  end  floorbcam  are  shown  in  Fig.  40.  Details  of  the  standard  end  floorbeam 
of  the  A,  T.  &  S.  F.  Ry.  arc  shown  in  Fig.  30.  The  end  floorbeam  in  Fig.  30  is  supported  directly 
on  the  end  pin,  and  gives  a  very  satisfactory  solution  of  a  difficult  problem  and  requires  the  driving 
of  a  minimum  number  of  fiuUl  rivets. 

PEDESTALS  AND  SHOES.— Details  of  standard  cast  steel  pedestals  and  shoes  as  designed 
by  the  Chicago.  Milwaukee  &  St.  Paul  Ry.  are  t-hown  in  Fig.  31.  Fig.  33,  and  Fig.  34.  Details 
of  segmental  rollers  are  shown  in  Fig.  32,  and  Fig.  35.  Details  of  expansion  bearings  for  plate 
girders  are  shown  in  Fig.  36,  and  Fig.  37.  Details  of  a  built-up  end  shoe  with  circular  rollers 
arc  shown  in  Fig.  40.     Details  of  a  built-up  end  shoe  and  segmental  rollers  arc  shown  in  Fig.  41. 

EXAMPLES  OF  PLATE  GIRDERS.— Details  of  an  85-ft.  span  single  track  deck  railway 
plate  girder  bridge  as  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  by  Mr.  Ira  G. 
Hedrick,  Consulting  Engineer,  are  shown  in  Fig.  36.     The  upjwr  flanges  are  made  of  four  angles 
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without  cover  pUlc«,  so  that  the  ties  may  be  of  unifurm  thiclcnes*  and  there  will  be  no  rivet  heads 
to  interfere  with  placing  the  tics.  The  lower  flanges  are  made  of  angles  with  cover  plates.  These 
plaxu  represent  the  most  modem  practice  in  the  design  of  deck  plate  girder  railway  bridges. 


Details  of  a  6o-ft.  span  single  track  through  railway  ptatc  girder  bridge  as  designed  for  the 
Harrimun  Lines  are  shown  in  Fig.  37.  The  details  of  the  bearings  arc  shown.  Rollers  are  used 
for  the  expansion  ends  of  spans  of  75  ft.  and  over.  Data  on  standard  plate  girder  bridges  designed 
uivlrr  Common  Stanrlard  Spetifications  1006  arc  given  in  Table  L 

EXAMPLES  OF  TRUSS  BRIDGES.— The  marking  diagram  for  a  truss  railway  bridge  is 
shown  io  F»g.  38.  The  lower  chnrd  joints  are  marked  Lo,  L\,  Lj.  etc.,  while  the  upper  chord 
joints  arc  marked  U\,  Uj,  etc.  In  detailing  a  truss  an  insiilc  view  of  the  left  end  of  ihe  farther 
tnus  is  shown;  this  is  marked  right  as  shown.     Details  of  a  singk;  track  through  riveted  truss 
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Fig.  31.    Pedestals.    Chicago,  Milwaukee  &  St.  Paul  Ry. 
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bridge  designed  for  the  Kansas  City,  Mexico  &  Orient  R.  R.,  b>'  Mr.  Ira  G.  Hedrick,  Consulting 
Engineer,  are  shown  in  Fig.  39  and  Fig.  40.  The  end-posts  and  top  chords  are  made  of  two  15 
Inch  channels  with  a  cover  plate,  and  the  lower  chords,  the  posts  and  the  main  ties  an^  made  of 
two  channels  with  the  flanges  turned  in.     The  total  weight  of  the  steel  in  the  span  was  303,000  lb. 
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Fia  35.    Details  of  Segmental  Rollers  for  Gulders. 
Chicago,  Milwaukee  &  St.  Paul  Ry. 


Details  of  a  double  track  through  riveted  truss  bridge  designed  for  the  Chicago  &  North- 
western Ry.  ane  given  in  Fig.  41.  The  bridge  has  a  span  of  170  ft.,  the  trusses  ant  spaced  29  ft. 
I  in.  centers,  and  the  bridge  has  a  vertical  clearance  of  23  ft.  6  in.  This  bridge  has  trusses  with 
triple  intersection  webs,  and  has  a  ballasted  track  carried  on  a  steel  plate  trough  floor.  This 
bridge  was  designed  for  a  dead  load  of  4,570  lb.  per  lineal  foot  for  each  truss  and  an  E  50  live  load. 
There  is  a  top  lateral  system  of  multiple  X-bracing  made  with  pairs  of  angles  latticed,  and  sway 
bracing  of  transverse  top  chord  struts  and  portals. 

Detail  shop  drawings  of  the  end-post  of  a  pin-connected  truss  bridge  are  given  in  Fig.  42.  and 
the  detail  shop  drawings  of  the  end  section  of  the  top  chord  of  the  same  bridge  arc  given  in  Fig.  43. 
The  standard  methods  of  detailing  compression  members  are  shown. 

Details  at  a  single  track  pin-connected  truss  bridge  designed  by  Mr.  Ralph  Modjesld  for  the 
Northern  Pacific  R.  R.  arc  given  in  Fig.  44.  Fig.  45  and  Fig.  46. 

SPECIFICATIONS  FOR  RAILWAY  BRIDGES.— To  determine  the  present  practice  in 
the  design  of  rtiilway  bridges  the  author  has  made  a  study  of  the  latest  a\'ailable  specifications. 
As  a  basis  for  comparison  the  sixteen  specifications  given  in  Table  XI,  were  selected  as  being 
representatiw  of  the  best  practice.  Sc\'eral  other  prominent  railroads  have  adopted  the  speci- 
fications of  tlie  American  Railway  Engineering  Association,  so  that  the  sixteen  spetSfications  cowr 
the  major  part  of  the  railrrjad  mileage  in  North  America.  The  standard  specifications  of  the 
Chicago,  Milwaukee  and  St.  Paul  Ry.,  the  New  York,  New  Ha\*en  and  Hartford  R.  R.,  and 
tlie  Canadian  Society  of  Ci^-il  Engineers,  all  adopted  in  1912,  arc  liascd  on  the  standard  spcci- 
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ficukms  (A  the  Amencan  Railway  Engmeerizig  Awwnriarioo;  the  ^wrifirarinrot  m  each  case  differing 
from  the  spccihcatioas  of  the  American  Railway  Engimyring  Asaodatioo  only  in  requirements 
for  clearances,  and  in  minor  clauses,  and  clauses  required  to  cover  individual  practioe,  and  local 
conditions  of  the  individual  roads. 

TABLE  XI. 
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The  present  practice  is  to  use  the  specifications  of  the  American  Railway  Engineering  Associ- 
ation as  a  basis  for  specifications  and  to  add  such  additional  clauses  as  may  be  necessary  to  cover 
the  practice  of  the  individual  railroad.  Sxiveral  railroads  have  adopted  the  specifications  of  the 
American  Railway  Engineering  Association  and  issue  supplementary  instructions  to  cover  their 
imiividual  practice;  sec  standards  of  Chicago,  Milwaukee  &  St.  Paul  Ry.  which  follow  the 
A.  R.  K.  A.  specifications  in  this  chapter.     The  specifications  of  the  American  Railway  Engineering 
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ition  are  reprinted  in  the  last  part  of  this  chapter.  To  show  the  present  practice  in  the 
of  railway  brid^jes  as  given  in  the  sixteen  different  specifications  the  must  important  vari- 
ations from  the  American  Railway  Engineering  Association  SixxJfications  will  be  briefly  discussed. 
Tbe  sections  in  the  specifications  of  the  American  Railway  Engiaeering  Associaciun  will  be  referred 
to  by  number. 

§2.  CleArancea. — The  clearances  for  through  single  track  bridges  on  tangent  are  given  in 
Tabic  XI.  The  clearances  on  cur\'es  differ  considerably.  Standard  formulas  for  calculating 
bridge  clearances  on  curves  are  as  follows: 


Nomenclature,  Fig.  47. — 
D  —  degree  of  curve 
R  »  ramus  of  curve,  in  feet 
V  »  clearance  width  on  tangent 
a  =  mid-oniinate  to  chord  of  length  A 
b  "  mid-ordinatc  to  chord  of  length  B 
c  =  mid-ordinatc  to  chord  of  length  L 
€  =*  amount  of  superelex'ation  in  feet  which  is 

taken  up  i«  jioor  of  span 
k  "  height  of  car  or  distance  from  top  of  upper 

llangc  or  chord,  whichever  is  least 
s  »  additional  clearance  required  on  account 

of  superelevation 
G  »  outude  clearance  from  center  line  of  bridge 
H  »  inside  clearance  from  center  line  of  bridge 


a  = 


Ay 

8/e 


Formulas: 
(nearly)  = 


A^'D 


b  =  .000021817  5«-£> 
c  «■  .0000318 17  L*-I> 

s  -  zX  h  •='  o.2e-h  {c. 


8  X  5730 

=  .oooo2i8i7>l*-i) 


to  c.  rails 

*»  5  ft.  nearly) 


+  fl  -6  + 


G  =  ^' 

2  2 

2  2 

For  Standard  Car 
A  -  8o'-o"  B  -  6o'-o" 

a  -  0.1396/? 
b  =  .07854^ 
G  =*  -  +  (.06109  +  .ooooio909L«}Z) 

If  -  -  +  (.07854  +  .ooooi0909Z,>)P 

+  o.2e>A 

The  following  specifications  indicate  the  present  practice  of  several  railroads. 
New  York  Central  Lines. — Slngk-track  through  liridgcs  on  curves  shall  have  the  location  of 
tbe  trusses  or  girders  and  the  width  between  clearance  lines  as  shown  in  Figs.  48  and  49. 


CUAfiANCF  lmE~, 


CiHUff  Uffi,  LQ^TjfACK 

CuAitANCE  ^     Line  -< 


Fig.  48. 


CiEAPANCE  UNE-^ 
_CE{iTE^lfNi ££  Tj^acjt 
CLEAifANCf^         UHE  -  ». 

Fig.  49. 


Literal  clearance  from  center  line  of  track  requtrcd  by  clearance  diagram  for  tangent  aline- 
mcnt. 
M  —  middle  ordinate  of  curve  for  a  chord  equal  to  span  length. 
X  «  Addition  for  ovcrhanK  of  a  car  85  ft.  long,  with  trucks  60  ft.  c.  to  c;  to  be  taken  as  one  inch 

for  each  degree  of  curve. 
y  •  addition  in  inches  (on  the  inside  of  the  curve  only)  on  account  of  the  superelevation  of  the 
outer  rail,  to  be  taken  as  follows: 
ForhciKhtfi  from  15  ft.  to  22  ft.  atxivc  thetopof  rail;  Y  —  3  inches  per  inch  of  superelevation. 
For  lirtghts  from  3  ft.  9  in.  to  15  ft.  above  top  of  rail;  Y  -  i'*/5  (to  lue  with  If'  —  7  ft. 

6  in.). 
For  heights  from  top  of  rail  Co  3  ft.  9  in.  above;  K  »  i(A  +  l.5)/4. 
s  —  superelevation  in  incheB. 
A  •■  height  above  top  of  rail  in  feet. 
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Cooper's  Specifications. — The  additiunal  clearance  for  curves  is  to  be  as  follows:  0.85Z? 
•  inchi:&  on  each  side;  1.70D  ~  inches  between  track;  where  D  =  degree  of  curve. 

N.  Y.,  N.  Ii.  &  II.  R.  i?.— The  additional  clcarancea  on  curves  will  be  as  follows:  1.00  X  Z? 
»  inches  on  each  sitle;  I-JSD  =  inches  between  tracks,  where  D  =  degree  of  curve. 

Types  of  Bridges. —  1  he  present  practice  is  to  use  plate  girders  for  spans  up  to  1 10  or  120  ft., 
riveled  trtis-sca  for  3p.in3  of  from  loo  to  200  or  250  ft.,  and  pin-connected  trusses  for  s^pans  of 
about  300  ft.  and  upwards.  Riveted  tru&s  bridges  of  300  and  400  fc.  span  are  not  uncommon. 
The  tyix^  of  bridges  and  minimum  lengths  of  span  as  given  in  twelve  specifications  are  given  in 

Al  1. 

TABLE  XIL 

Typf5  OF  Sbidsbs  and  Lensths  of  Span- 


SpedF/cdtTon 

Polled 

Seams 
Ft. 

Pbte 

6ird€rs 

Ft 

P/vefed 

Trusses 

Ft- 

I^Comiected 

Trusses 

Ft- 

ZAT&SFRySysfem,    1901 

Z$to54 

26tol06 

105  to  150 

I50arfdup 

h-Balfimore^Ohio,          1304- 

30 

30  to  110 

I00tol50 

I50andup 

S  Chi-Mk  Ishod^Thc-m/M 

19 

19  folio 

I00fo200 

200a/}dup 

T  Common  Sfandsrd,         1909 

19 

IBfolOO 

I00fol50 

150  and  up 

3'  Cooper,                      190$ 

10 

2Ot0l2O 

l2Of0l5O 

130  and  up 

9-f//im/5  Cenfrai,            I9U 

21 

2lfolOO 

WO  to  150 

150  and  up 

/0-K3/?5S5  Crfy,  MexkoS0rienfJ90? 

20 

20fol00 

W0to250 

2503ndup 

Ii' Lehigh  l/alfey,              1911 

25 

25fQll0 

IIOfolBO 

IBOandup 

It-Ne^  rork  Central,       1910 

25 

25follO 

llOfolSO 

ISOandup 

l4-/^malmes  l^esiiFmkm^M 

tolOO 

IOQto250 

250andt/p 

fS-Nafiondl  Lines  oF  Mexico  J 90T 

30 

25foSO 

80tol50 

ISOandup 

fF-^^mrf&FP^ikyys  oFCml3,m 

IS 

lEfolOO 

I00fo200 

200toB00 

\l.  Spacing  of  Trusses. — The  present  practice  is  not  to  put  requirements  for  spacing  of 
trusses,  lengths  of  span,  types  of  bridge,  etc.,  in  the  specifications  but  lo  prepare  oHicc  standards 
fur  the  use  of  engineers  and  draftsmen.  Data  on  spacing  stringers,  girders  and  trusses  are  given 
in  Table  XIII.  The  spacings  for  Illinois  Central  R.  R.  deck  girders  are  given  in  Figs.  11,  12  and 
I3(  and  of  Common  Standard  Bridges  in  Table  I. 

The  Chicago.  Milwaukee  and  St.  Paul  Ry.  spaces  girders  7  ft.  6  in.  west  of  the  Missouri 
River,  and  8  ft.  east  of  the  Missouri  River.  The  Northern  Pacific  R.  R.  spaces  stringers  8  ft. 
ftir  spans  of  150  to  200  ft.;  and  deck  girders  8  ft,  for  80  ft.  spans. 

55,  Ties. — The  jircsent  practice  is  to  calculate  the  size  of  stringers  for  the  specified  fiber 
stress.  Fifteen  specifications  require  that  the  wheel  load  be  considered  as  carried  by  three  tics, 
and  one  specification  by  four  tics.     Data  on  tics  are  given  in  Table  XIV. 

The  Illinois  Central  R.  R.  uses  ties  on  deck  girders  as  follows; 


£>ck  Span*. 

Distance  Ceoien. 

TiM. 

60  ft.  and  under 
60  fu  to    80  ft. 
80  ft.  to  100  ft. 
100  ft,  to  no  ft. 

7  ft. 

8  ft. 

9?rt. 

8  in.  X    8  in.  X  10  ft, 
8  in.  X  10  in.  X  12  fc 

10  in.  X  10  in.  X  11  ft. 

10  in.  X  11  in.  X  la  ft. 

(6.  Dead  Loads.— Data  on  dead  loads  are  given  in  Table  XV. 
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TABLE  XIIL 

SPACING  OF  6/RDE^S  AND  7PU55ES 


SpeciFicaUon 

Cirders 

Trusses 

Sfrhgtrs 

Deck  Girders 

Deck 

Throv^ 

l-Anferian  fy  Eng- Assoc-,    1310 

SpW^O 

5pjp//0 

SpjsUO 

3-Mimore  &  OA/o            1904 

fr 

not  less  thw  6-'6' 

not  less  than  lO'O' 

5p^n/Z0 

fChk^M^^^^^^^Hf^O^ 

7^0' 

upto  60Ff;  7-0" 
$OFi--foSOft:,S-'0' 

5psn/70 

7- Common  SUn^^rd,       l$09 

7-Y 

up  to  60  Ft  jr 

(OFffcSOFtJ'O' 
SO  Ft  to  100  Ft;  IW 

IOOFthllOFt;IOV 
IIOFt-toliOFtJZ-'lf 
liOFttolSOFtiM'O' 

S  Cooper,                     1906 

^r 

not  less  than  6-'6' 

9' lllwois  CenfrsI          1911 

4sM>tgers 

i,pto60Ft;7'0' 
60'FttoS0Ft;8'O' 
SOFttolOOFt;  9^0' 
lOOFttnllOFt-.S^e" 

lOOFttollOFtJOV 
IIOFttol50Ft;l7-0' 
mFftolSOFlM' 

MassCify^MexkoSiOHeni;  1907 

7-'0" 

upfoSOFFj-'O' 
o>rerSOFt;S-'0' 

5p3n/70 

ll'Uhigh  Vs/fey,            I9H 

s-r 

up  to  7SFt;  ee' 
73FFtBieOFt.,7'0' 
mFtlo/75Ft,?r/,fl^ 

ilNit^YorkCenfrdi,      1910 

f'6' 

upfo7SFf;6'6' 
oi^er  75  Ft,  7-e' 

5psn/lS 

i4-km9-LbesiresfoFPimkrgb,m 

F0r4sfni^r5 
OLffer p/'r  fO' 
merp^iri'O" 

er 

ffS^iftmfifMf9^0FCmhl9(% 

i-'O" 

5mgle  Trsck,  8-0' 
:>6ubleTrxk.£^e'' 

lO'O'cr-JsSpar)- 

Spin/IQ 

§7.  Live  Loads. — Data  for  live  loads  are  given  in  Tabic  XV[.  The  type  of  engine  is  given 
in  the  s^TonH  column  and  the  weight  in  thousands  of  pounds  uf  a  single  engine  without  tender 
is  given  in  the  third  column;  the  special  loadings  and  the  spacing  of  the  loads  are  given  in  the 
fourth  and  fifth  cohimtis;  the  tmi^act  formulas  arc  given  in  the  sixth  column:  the  allowable  tensile 
•tres!vs  arc  given  in  thi*  seventh  column,  and  the  equivalent  loading  is  given  in  the  last  column. 
The  equivalent  loading  is  found  by  multiplying  the  Uwding  in  the  second  column  by  16.000  and 
dividing  hy  the  allowable  tensile  strength.  The  present  standard  loading  on  trunk  lines  is  Cooper's 
E  60  loadmg. 

The  C.  M.  &  St.  P.  Ry.  uses  E  60  followed  by  a  train  load  of  7,000  lb.  per  lineal  foot  of  track 
on  ore  roads;  while  the  Duluth  &  Iron  Range  R.  R.  uses  E  60  followed  by  a  train  load  of  8.000  lb. 
per  lineal  foot  of  track. 

In  a  paper  entitled  "Rolling  Loads  on  Bridges"  published  in  Bulletin  No.  161.  Am.  Ry. 
Eag*  Assoc.,  November  1913,  .Mr.  J.  E.  Grtiner,  Consulting  Engineer,  has  tabulatefl  the  live 


Of  the  39  roads  thirteen 


ig  f-r^ 
,•^9  railroads,  including  all  but  one  of  the  roads  in  Table  \VI 
are  building  bridges  equal  to  E  60;  four  equal  to  E  57;  seven  equal  to  E  55:  one  equal  to  E  53 
ttn  equal  to  E  50;  two  equal  to  E  47;  one  equal  to  E  45,  and  one  equal  to  E  65. 

Of  the  39  roads  considered  36  roads  use  the  impact  formula  of  the  Am.   Ry.  Eng.  Assoc.; 
and  31  roads  use  a  tcosile  stress  of  16,000  lb.  per  su.  in.     The  highest  tensile  stress  is  16,000  lb. 
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TABLE  XIV. 
Data  on  Ties  ox  Budges. 


\ji«itT...m  Soe  aad  Spadaa  of  Tka.              |             Data  for  Doicii.             | 

®*~*'****^                            Si«e.                 Ungth.      Maiimiim  ScMdiw.     Fiber  |n-^Lb. 

PferCent. 

I.  Am.  Ry.  Ene,  Assoc 

1.  A-  T.  &  St.  F.  R.  R..     8  in.  X  8  in. 

1.  B.  &0.  R.R Sin.  X  8  in. 

A.  B.&\LR.R 

10  ft- 

12  ft. 

9ft. 

left. 
10  ft. 



6  in. 
12  in.  centen 
6  in. 
6  in. 
6  in. 

^i-: 

2,000 
1,400 

I/X)0 

2,000 
2,000 

100 
none 
none 
100 
100 

5.  C.M.&Si.P.Ry 

6.  C.  R.I.&P.  R.  R... 

7.  Common  Standard...'    8  in.  X  10  in. 

8.  Cooper 

1,000 
1,500 

2,000 

none 
none 
100 

r6"  X  8"  flat 
9.  lUinoif  Central  R.  R.,  -j  Four  lines  of 
I    stringers) 

10.  K-  C,  .\L  &  0.  R.  R.     8  in.  X  10  in. 

11.  L.  V.  R.  R 

10  ft. 

10  ft. 

13  in.  centers 

on  edge 

6  in. 

12.  N.  V.  Central  Lines 

13.  N.  Y.,  .\.  H.  &  H.    1 

R.R 

10  ft. 

6  in. 

2,000 

100 

14.  Penna.  W.  of  Pitts-     ' 

burph 

15.  Nat.  L.  of  Mexico ... 

4  in. 

1,000 

1,800 

none 
100 

16.  Can.Soc.CE 

TABLE  XV. 
Data  on  Dead  Loads. 


Spedficatioos. 

Weight  In  Lb. 

Timber. 

Ballast. 

Concrete. 

Rails  and 

Fastening. 

^■^r^- 

*     ».  A..  T.  &  S.  F.  R.  R 

4^ 

4* 
4i 

4J 

Timber  Ballasted 
Deck  1,400 

3.  B.  &0,  R.  R 

4.  B.  &  M.  R.  R 

5.  C.  .M.  &  St.  P.  Ry 

7.  Common  Standard 

130 
150 
ISO 

100 
150 
ISO 

100 
ICO 

500 
400  miHi 

8.  Corjper 

11 

Crcosotcd  5 

110 
100 

9.  Illinois  Central  R.  R. .  . . 
10.  K.  C,  M.  &0.  R.R... 

ISO 

100 

400 

IS 

11.  I>chisrh  Valicv  R.  R 

12.  N.  Y:  Central  R.  R 

13.  N.  Y.,  .\*.  H.  &  II.  R.  R. 

14.  Penna.  \V.  of  Pittsburgh 

15.  Nat.  L.  of  Mexico 

17.  Dcpt.  of  R.  R.  of  Canada 

4 

4 
4 

ISO 
ISO 
ISO 

170 

ISO 
ISO 

120 
100 

400 

4 
4 

100 

120 

600 





per  sq.  in.  and  the  lowest  is  15,000  lb.  per  sq.  in.  Of  the  39  roads  considered  all  except  one  use  a 
concentratof!  system  of  engine  loadings;  one  road,  the  Pennsylvania  Lines  West  of  Pittsburgh, 
uses  a  uniform  lf>ad  of  5,500  lb.  per  lineal  foot  of  track  and  an  excess  load  of  66,000  lb.  on  one 
axle;  no  road  is  using  an  equivalent  uniform  load.  For  data  on  the  heaviest  locomotives  in  service 
and  the  relative  stresses  due  to  these  locomotives  compared  with  E  50  loading  see  Table  IL 

Mr.  fircinor's  conclusion  is  that  E  50  bridges  will  safely  carry  alt  loads  that  can  be  carried 
without  increasing  the  present  vertical  and  horizontal  clearances. 
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i 
1 

fipedfication. 

EfiKliie. 

SpcdalLoadL 

IntpKt. 

TciuUc  Unit  Stress 
ioLb. 

Equivalent 

Loading  in 

Tcmis  o( 

Tensile 

Type. 

WeUbt 
In  1.000 

Lb. 

Wdchl 

per 
Tnick. 
Two 

Loads. 
Ft. 

2,  A.,  T.  &  S.  F. 
R  R 

Conaol. 
E50 
E60 

JESS' 
\E6o» 

Ess 

Ess 
Ess 
E+S 

E60 

E60 

E60 

Excels* 
K60 

291.0 

I2S0 
270.0 

H7-S 
370.0 

i47.S 

H7S 

H7.5 

202.5 

270.0 
270.0 

270.0 

Cooper 
A.R.fcA. 

Launhardi 
LL 

E60 

E50 

E60 

/g5S' 

Ess 
Ess" 

Ess* 

E40 

E60 
E53 

E60 

E6s 

_ESS 

3.  B.  &0.  R.  R.  - 

4.  B.  &M.  R.  R... 

5.  C  M.  &  St.  P. 

Ry 

60,000 

6s,uoo 

68,750 
75,000 

68,750 

'■-■■■ 

7 
7 

7 

16,000 
16,000 

16,000 

16,000 

16,000 

18,000 

16.000 
iB.ooo 

16,000 

6.  C.  R.  I.  &  P. 

R.R 

7.  Common 

Standard. .... 
Q.  Illinois  Central 
R  R 

10.  K.C.M&O. 
R.  R 

56,250 

75.000 
72.000 

65,000 

7 

7l 
7 

6 

LL-\-DL 
A.  R.  E,  A. 

H 
U 

Launhardl 
Cooper 

II.  Lehigh  Valley 
R.  R 

la.  N.V.  Central... 
fj.  N.Y..N.II.& 
H.R.R. 

14.  Pcnna.  W.  of 

Pittsburgh 

15.  Nit.  L.of  Mex. 

170.0 

75,000 

5 

I.  C.  M.  &  St.  P.  Ry.  uses  E  55  cast  of  the  Missouri  River  and  E  60  west. 
3.  A  uniform  train  load  of  7.000  lb.  per  lin.  ft.  on  ore  roads. 

4..  A  uniform  train  load  of  6,000  lb.  per  lin.  ft- 

5,  Train  load  of  5.500  lb.  per  lin.  ft.  and  excess  load  of  66,00()  lb. 

Jg.  Impact. — Ten  of  the  sixteen  specifications  use  the  impact  coefficient  as  given  in  section  9, 
/  «  \ool{L  +  300).  Three  specifications  foltow  Cooper's  method  of  using  dead  load  unit  stresses 
equal  to  twice  the  live  load  unit  stresses,  with  different  stresses  for  different  members.     Two 

min.  stress  \ 

I  w 


* 


specifications    use    Launhardt's   formula.    P  »  5  I  1  + 


•here  P  ~  allowable  unit 


L 


max.  stress  / 
stTcn,  and  .^  *>  allowable  unit  stress  for  live  load  alone.     One  specification  uses  the  impact 

-  .      -      Live  Load  Stress 

*         Live  Load  Stress  +  Dead  Load  Stress 

In  the  paper  refcrrwi  to  in  section  7,  Mr.  Grciner  found  that  26  roads  used  the  A.  R,  E.  A. 
formula  for  impart. 

|lo  &  II.  Wind  Loads. — The  wind  loads  given  in  the  different  specifications  arc  variable 
and  space  will  nut  [Kmiit  K^'ing  into  detail.  Most  of  the  specifications  require  that  the  moving 
wind  Uiad  on  thn  lo.idid  chord  be  considered  as  applied  at  6  or  7  ft.  above  the  lop  of  the  rail. 

I13.  Centrifugal  Force. — Five  of  the  sixteen  specifications  have  the  same  requirement  as  in 
section  13.  The  centrifugal  foax'  of  a  brwly  moving  in  a  circular  path  is  C  «■  WVf^2'3R, 
whi'ft*  W  —  weight  of  live  load  iwr  lineal  f<x>t;  V  =  ■v'clocity  of  train  in  feet  per  second,  and 
R  —  radius  of  curve  in  foef.  For  a  speid  o(  60  — 2j/>,  C  =  0.039H''  for  a  i  degrr<'  curve;  C  — 
0.071  W  (or  a  2  degree  curve;  C  «  o,ii7lf  for  a  4  degree  curve,  and  C  —  0.143H''  for  a  10  degree 
curve.  Five  specifications  require  that  the  centrifugal  force  be  applied  at  5  to  7|  feet  above  the 
mil.  Two  specifications  take  the  centrifugal  force  as  C  —  o.o^\V-D,  wncre  W  —  equi^lent 
weight  of  live  load  per  lineal  foot,  and  P  «  degree  of  curve;  one  takes  C  "  O.osW'P,  and  two 
lake  C  -  0.0^5  If'  £».  The  K.  C.  M.  &  O.  R.  R.  takes  C  -  WP/32-2i?,  where  IV  -  eauiva- 
lent  weight  of  live  load  per  lineal  foot.  V  =  vrlority  of  train  in  feet  per  second  (calculated  for  50 
miles  per  hour),  and  R  «  railius  of  curve  in  feet.     This  gives  C  -  o.o2<)W'D, 


206 


STEEL  RAILWAY  BRIDGES. 


Chap.  IV. 


514.  Unit  Stresses. — For  a  comparison  of  the  tensile  unit  stresses  see  Table  XVL 
522.  Alternate  Stresses. — Four  of  the  sixteen  specifications  use  the  same  spcciBcation  as  in 
section  22.  Six  specifications  use  Cooper's  specification.  "All  members  and  their  connections 
shall  be  designed  to  resist  each  kind  uf  stress.  Both  of  the  stresses  shall,  however,  be  considered 
as  increased  by  0.8  of  the  least  of  the  two  stresses."  One  specification  increases  each  stress  by 
0.60  of  the  lesser  stress,  one  by  0.70,  and  two  by  0.75.     One  specification  uses  Weyrauch's  formula, 

P  ^  S  I  I — I  .  where   P  »  allowable  unit  stress  for  alternate  stresses,  and  5 


(_    mm.  stress   \ 
7  max.  stress  /  ' 


max.  stress 
—  allowable  unit  stress  for  live  loads  alone. 

(26.  Net  SectiOQS. — Section  26  is  standard.  In  addition  the  method  of  calculating  the 
net  area  of  a  riveted  tension  member  is  given  in  several  spccificatioos.  * 

Cooper  requires  that  "The  rupture  of  a  riveted  tension  member  is  to  be  considered  as  equally 
probable,  either  through  a  transverse  line  of  rivet  holes  or  through  a  zigzag  line  of  rivet  holes,  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  a  transverse  line." 

The  Baltimore  &  Ohio  R.  R.  requires  thai  "The  greatest  number  of  rivet  holes  that  can  be 
cut  by  a  transverse  plane,  or  come  within  one  inch  of  the  plane  is  to  be  deducted  in  calculating 
the  net  section." 

The  New  York  Central  Lines  require  that  "The  net  section  of  riveted  members  shall  be  the 
least  area  which  can  be  obtained  by  deducting  from  the  gross  sectional  area  the  areas  of  holes  cut 
by  any  plane  perpendicular  to  the  axis  of  the  member  and  parts  of  the  areas  of  other  holes  on  one 
side  of  the  plane,  within  a  distance  of  4  inches,  and  which  are  on  other  gage  lines  than  those  of  the 
holes  cut  by  the  plane,  the  p.irts  tieing  determined  by  the  formula:  /l(l  —  pf^.),  in  which  A  »  the 
area  of  the  hole,  and  p  =  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane." 

The  Canadian  Society  of  Civil  Engineers  requires  "  There  shall  be  deducted  from  each  member 
as  many  rivets  as  there  are  gage  lines,  unless  the  distance  center  to  center  of  rivets  measured  in 
the  diagonal  direction  is  40  per  cent  greater  than  their  distance  center  to  center  of  gage  lines." 

ijg.  Plate  Girders. — Seven  of  the  sixteen  specifications  require  that  plate  girders  be  pro- 
portioned either  by  the  moment  of  inertia  of  their  net  section;  or  by  assuming  that  the  flanges 
are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth  of  the  gross  section  of  the 
web.  if  properly  spliced,  may  be  used  as  flange  section.  Six  specifications  require  that  the  bending 
moment  all  be  taken  by  the  liinges.  Two  specifications  require  that  the  bending  moment  be 
taken  by  the  flanges  and  that  onc'cighth  of  the  gross  section  of  the  web  be  taken  as  flange  area. 
One  specification  requires  that  plate  girders  with  stiffcncrs  be  designed  on  the  assumption  that 
the  flanges  take  all  tne  bending  moment,  and  that  for  plate  girders  without  stiffeners  one-eighth  of 
the  web  may  be  considered  as  flange  area. 

§30.  Compression  Flanges.— Two  specifications  require  that  the  flange  an^es  shall  contain 
at  least  one-half  of  the  area  of  the  flange.  The  specifications  uniformly  require  that  the  com- 
pression fiange  shall  have  the  same  gross  area  as  the  tension  flange. 

536.  Counters. — Eight  specifications  require  that  counters  be  stiflF  members.  Eight  speci- 
fications permit  adju^^table  counters  an-i  laterals. 

5+5.  Minimum  Angles. — Five  specifications  give  3J"  X  3"  X  f"  as  the  minimum  angle. 
Two  sperifirations  give  3"  X  2j"  X  J"  as  the  minimum  angle.  One  specification  requires  that 
the  vertical  leg  be  not  less  than  3i".  One  specification  requires  that  connection  angles  for  stringers 
and  floorbeams  be  not  less  than  4"  X  4"  X  I";  one  specification  3J"  X  3i"  X  J'',  and  one 
specification  6"  X  4"  X  I". 

§59.  Expansion. — Six  specifications  require  that  provision  be  made  for  an  expansion  of  |  in. 
for  each  10  ft.  of  span.  Five  specifications  require  that  provi«on  be  made  for  a  range  in  tempera- 
ture of  150  degrees  F.;  one  for  180  degrees  F.  Three  specifications  require  that  provision  be 
made  for  an  expansion  of  i  in.  in  roo  ft.;  one  for  an  expansion  of  i  in.  in  70  ft. 

^62.  Rollers. — Six  specifications  require  that  rollers  be  at  least  6  in.  in  diameter.  Five 
specifications  permit  rollers  4  in.  in  diameter.  One  specification  permits  rollers  3  in.  in  diameter. 
Cooper  requires  that  rollers  for  spans  up  to  100  ft.  be  4  J  in.,  and  that  the  diameter  l»  increased 
t  in.  for  each  to  ft.  increase  in  span  over  100  ft.  The  New  York  Central  R.  R.  requires  that  rollers 
shall  not  have  a  less  diameter  in  inches  than  3  -h  0.03  (span  in  feet), 

|68.  Stringer  Connection  Angles. — One  specification  requires  that  connection  angles  of 
stringers  and  floorbeams  be  not  less  than  4"  X  4"  X  l":  one  specification  3J"  X  3J"  X  i"* 
and  one  specification  6"  X  4"  X  I". 

577.  Camber  of  Plate  Girders. — Four  specifications  require  that  plate  girders  mtire  than 
50  ft.  long  be  camlK-red  ^  in.  per  10  ft.  of  length.  Two  specifications  require  full  camljer.  Two 
specifications  require  a  camber  of  y^g  the  span.  Two  specifications  require  a  caml>er  of  j^  the 
span.  One  specification  requires  a  camber  nf  |  in.  per  10  ft.  of  length,  one  specification  requires 
a  camber  of  A  in.  per  15  ft.  of  length.  Four  specifications  do  not  require  that  plate  girders  be 
cambered. 
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^7^.  Web  Stiffenen. — Seven  ffiedfications  have  the  same  spccificatian  as  gi\*cn  in  section  79- 
Two  specifications  rcqutn;  that  stifieaen  be  spaced  not  to  exceed  depth  uf  girder.  The  Baitimore 
&  Ohio  R.  R.  require*  that  stiffcners  be  snftced  not  to  exceed  depth  of  girtler  or  6  fl.,  and  that  (or 
web«  up  to  6  (t.  6  in.,  stilTeners  shall  be  3f "  X  3J"  X  I"  angles;  for  webs  from  7  ft.  to  7  ft.  6  in., 
stifJenersshaUbes"  X  3*"  X  |"angle»;  for  webs  8  ft,  and  over,  stiff eners  shall  be  6"  X  d"  X  <" 
iiogles.  The  New  York  Central  Lines  require  that  stiffenens  be  spaced  not  to  exceed  depth  of 
girder  or  5  ft.  6  in.;  near  ends  of  girders  the  spacing  shall  not  exceed  one-half  the  depth  of  girder 
or  3  ft.  6  in. 

The  New  York  Central  Lines  require  that  stiffeners  shall  ha\T  an  outstanding  leg  not  lew 
than  2  inches  plus  iSj  the  depth  of  the  girder. 

The  Chicago.  Milsvaukce  &  St.  Paul  Ry.  requires  that  stiffeners  bearing  against  6"  X  6" 
flangeangk-sshallUfS*  X  3*"  X  |":  and  against  8"  X  8"  flange  angles  shaU  be  6^'  X  3*"  X  |". 

|8i.  Camber  of  Trasses. — Six  specifications  require  full  camber  as  stated  in  section  81.  Six 
specifications  require  that  the  upper  chords  be  increased  i  in.  (or  each  10  ft.  One  specification 
requires  that  the  upper  chord  be  increased  |  in.  for  each  15  ft.  Two  specifications  retiuirc  that 
trusoes  be  cambered  n^j  the  span.  One  specification  requires  that  trusses  be  cambcreo  ^Vn  the 
span. 

i^2.  Rigid  fiSembers. — AH  specifications  require  that  hip  verticals  and  the  two  end  panels 
of  bottom  chord*  (two  at  each  end)  be  stiff  members.  The  Common  Standard  specifications 
(Harriman  Lines)  n^^uire  that  the  bottom  chords  of  bridges  of  less  than  150  ft.  span  be  stiff 
members.  The  Illinois  Central  R,  R.  nxjuin^*  that  bridges  with  6  panels  or  less  shall  have  stiff 
lower  chords.  The  New  York  Central  Lmes  limit  the  specification  for  rigid  members  to  spans 
less  than  300  ft. 

^3.  Eye-bars. — Nine  specifications  permit  bars  to  be  out  of  line  I  in.  in  16  ft.  as  in  section  83. 
One  srjorifiration  permits  ban*  to  be  out  of  line  i  in.  in  8  ft. 

Miscellaneous. — The  following  specifications  are  of  interest. 

Initisl  Stress. — Four  of  the  sixteen  specifications  require  that  diagonals  and  struts  be  designed 
for  an  initi.1l  strc-w  of  to.ooo  lb.  in  each  diagon.d. 

Collision  Strut. — Two  of  the  sixteen  specifications  require  collision  struts. 

Fastening  Angles. — Two  specifications  require  that  angles  must  be  fastened  by  both  legs. 
Three  specifications  require  that  angles  be  fastened  by  both  legs  or  only  one  leg  will  l>e  considered 
effective.  One  sperifiration  requires  that  75  per  rent  of  the  net  area  be  considered  effective  where 
angles  are  fastened  by  one  leg,  and  90  per  cent  of  the  net  area  be  considered  effective  where  angles 
are  fastened  by  both  legs. 

CslcuUtixig  Dead  Load  Stresses. — One  specification  requires  that  all  the  dead  load  be  con- 
sidered as  coming  on  the  loaded  chord.  Two  specifications  require  that  three-fourths  of  the  dead 
load  be  considered  as  coming  on  the  loaded  chord  and  one-fourth  on  the  unloaded  chord.  Tw» 
^Kcifications  require  that  two-thirds  of  the  dead  load  be  considered  as  coming  on  the  loaded  chord 
aibd  one-third  on  the  unloadefl  chord.  Two  spccifiaitions  require  that  the  floor  load  chall  be 
assumed  as  taken  by  the  loaded  chord,  and  the  remainder  of  the  dead  load  to  be  Hi%'ide<l  equally 
between  the  chords.     The  other  specifications  do  not  state  where  the  dead  load  shall  be  applied. 

Minimum  Bar. — Three  specifications  require  that  the  minimum  bar  shall  ha^x  not  less  than 
3  aq.  in.  cross  section.  One  specification  permits  a  minimum  bar  i  \  in.  square.  One  specification 
requires  that  an  increase  of  80  per  cent  in  the  live  load  shall  not  increase  the  stress  in  tne  counter* 
more  than  80  per  cent.     One  specification  has  u  similar  clause  with  jo  per  cent  variation. 

Paint. — The  shop  coat  of  paint  as  required  by  several  specifications  is  as  follows: 

The  New  York  Central  Lines  use  red  lead  paint  mixed  by  the  following  formula: — 100  lb. 
pure  red  lead;  4  gallons  pure  opcn-kctlle-boilcd  linseed  oil;  and  not  to  exceed  one-half  pint  of 
tufpeneinc-japan  drier. 

The  Boston  &  Maine  R.  R.  and  the  New  York,  New  Haven  &  Hartford  R.  R.  use  red  lead 
paint  made  by  mixing  32  lb.  of  ns\  lead  to  one  gallon  of  linseed  oil. 

The  A.  T.  &  S.  F.  Ry.  gives  steel  work  a  shop  coat  of  linseed  oil;  while  the  C.  R.  I.  &  P. 
R.  R.  uses  linseed  oil  with  10  per  cent  of  lamp  blaclc. 

The  Illinois  Central  R.  R.  uses  red  lead  paint  for  a  shop  coat. 

The  Pennsylvania  Lines  West  of  Pittsburgh  use  a  *ihop  coat  of  pure  linseed  oiL 

The  Common  Standard  specifications  require  a  shop  coat  of  red  lead. 
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STANDARll   SPECIFICATIONS, 

PART  FIRST— DESIGN. 


structural  steel,  except  rivets. 


L    GENERAL. 

1.  Haterials. — The  materia!  in  the  superstructure  shal 
and  as  may  be  otherwise  sptiified. 

2.  Clearances. — When  alinemtnt  is  on  tangent,  clearances  shall  not  be  le«s  than  shown  on 
the  diagram:  the  height  of  rail  shall,  in  all  rasi-s,  be  assumed  as  6  in.  The  width  shall  be  increased 
so  as  to  provide  the  same  minimum  ckarancos  on  curves  for  a  car  80  ft.  lone,  14  ft.  high,  and  60  ft. 
ccnter  to  center  of  trucks,  allowance  being  made  fi>r  curvature  and  superelevation  of  rails. 

3.  Spacing  Trusses. — The  width  center  to  center  of  girders  and  trusses 
shall  in  no  case  be  less  than  one-twentieth  of  the  effective  span,  nor  less  than 
is  necessary  to  prevent  overturning  under  the  assumed  lateral  loading. 

4.  Skew  Bridges. — Ends  of  deck  plate  girders  and  track  stringers  of 
skew  bridges  at  abutments  shall  be  square  to  the  track,  unless  a  ballasted 
floor  is  used.  ^^  , 

5.  Floors. — Wooden  tie  floors  shall  be  secured  to  the  stringers  and  shall  I 
he  proportioned  to  carry  the  maximum  w^hcel  load,  with  lOO  percent  impact^  j 
distributed  over  thre«  ties,  with  fiber  stress  not  to  exceed  2.000  lb.  per  sq.  in.                  jj'^'* 
Ties  shall  not  be  less  than  10  ft.  in  length.     They  shall  be  spaced  with  not 
more  than  6-in.  openings;  and  shall  be  secured  against  bunching. 
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6.  Dead  Load. — The  dead  load  shall  consist  of  the  estimated  weight  of 
tne  entire  sus[x'nded  structure.  Timbur  shall  Ik'  assumed  to  wei^h  4 J  lb.  per 
ft.  B.  M.;  ballast  too  lb.  per  cu.  ft.,  reinforced  concrete  150  lb.  jvr  cu.  ft., 
and  rails  and  fastenings,  150  lb.  per  linear  ft.  of  track. 

t?.  Live  Load. — The  live  load,  for  each  track,  shall  consist  of  two  typical  engines  followed 
by  a  uniform  Kiad,  according  to  Cooper's  scries,  or  a  system  of  loading  givint;  practically  equivalent 
strains.  The  minimum  loading  to  be  Cooper's  E-40,  and  the  special  loading,  the  diagram  aa 
shown  in  the  following  diagrams,  that  which  gives  the  larger  strains  to  be  used. 

t8.  Heavier  Loading. — Heavier  loadings  shall  be  proportional  to  the  above  diagrams  on  the 
same  spacing. 

9.  Impact. — The  dynamic  increment  of  the  live  load  shall  be  added  to  the  maximum  computed 

live  load  strains  and  shall  be  determined  by  the  formula  7=5  -p-^- , 

where  /  *■  impact  or  dynamic  increment  to  be  added  to  live-load  strains. 
5  =  computed  maximum  live-load  strain. 

L  =  ioade*!  length  of  track  in  feet  producing  the  maximum  strain  in  the  member.     For 
bridges  rarr>'ing  more  than  one  track,  the  aggregate  length  of  all  tracks  producing 
the  strain  shall  be  used. 
Impact  shall  not  be  added  to  strains  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forx-^^. 

10.  Lateral  Forces. — All  spins  shall  be  designed  for  a  lateral  force  on  the  loaded  chord  of 
200  lb.  per  linear  foot  plus  10  jxt  rent  of  the  specified  train  lo;i<l  on  one  track,  and  200  lb.  per 
linear  foot  on  the  unloaded  chord;  these  forces  l>eing  considered  as  moving. 


*  Adopted  by  the  American  Railway  Engineering  Association. 
t  See  Addendum,  clause  (a). 
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II.  Wind  Force. — Viaduct  towers  shall  be  designed  for  a  force  of  50  lb.  per  »q.  ft.  on  one 
and  one-half  times  the  vertical  projection  of  the  structure  unloaded;  or  30  lb.  per  sq.  ft.  on  the 
ftame  surface  plus  400  lb.  per  linear  ft.  of  structure  applied  7  ft.  above  the  rail  for  assumed  wind 
force  on  train  when  the  structure  is  either  fuUy  loaded  or  loaded  un  either  track  with  empty  cars 
assumed  to  weigh  1,200  lb.  per  Linear  ft.,  w^jjchcvcr  gives  the  larger  strain. 
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IS.  Longitudinal  Force. — Viaduct  towers  and  similar  structures  shall  be  designed  for  a 
tongitudinai  force  of  20  per  cent  of  the  live  load  applied  at  the  lop  of  the  rail. 

13.  Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load 
applied  at  the  top  of  the  high  rail.  The  centrifugal  force  shall  be  considered  as  live  load  and  be 
derived  from  the  speed  in  miles  [x:r  hour  given  by  the  expression  60  —  2^D,  where  "Z?"  *=  degree 
of  curve- 

III.     UNIT   STRESSES  AND   PROPORTION   OF   PARTS. 

14.  Unit  Stresses, — All  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the  niaxi- 
inum  stresses  producefl  by  the  foregoing  loads  shall  not  exceed  the  following  amounts  in  pounds 
per  aq.  in.,  except  as  modified  in  paragraphs  22  to  25: 

15.  Tension. — Axial  tension  on  net  section 16,000 

16.  Compression. — Axial  compression  on  gross  section  of  columns 16,000  •  70  — 

with  a  maximum  of 14,000 

%here  "/'*  is  the  length  of  the  member  in  inches,  and  "r'*  is  the  least  radius  of 

gyration  in  inches. 
Direct  compression  on  steel  castings l6,000 

17.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections, 

prden  and  steel  castings;  net  section 16,000 

on  cxCrcmc  filers  of  pins 24,000 

18.  Shearing. — Shearing:  shop  driven  riveta  and  pins 12,000 

field  driven  rivets  and  turned  bolts I0,oao 

plate  girder  webs;  gross  section lO.OOO 

19.  Bearing.— Bearing:  shop  driven  rivets  aind  pins 24,000 

field  driven  rivets  and  turned  bolts 20.000 

expansion  rollers;  per  linear  inch , 6ood 

where  *'d"  is  the  diameter  of  the  roller  in  inches. 

on  masonry 600 

20.  Limiting  Length  of  Members. — The  lengths  of  main  compression  members  shall  not 
exoaed  loo  times  their  lean  radius  of  g>'ration.  and  those  for  wind  and  sway  bracing  120  times 
their  least  radius  of  gyration. 

21.  The  lengths  of  ri^-etcd  tension  members  in  horizontal  or  inclined  positions  shall  not 
cscred  200  times  their  radius  of  gyration  about  the  horizontal  axis.  The  horizontal  projection 
of  the  unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

22.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  pn)portione<l  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
ia  tuocession  during  ihe  passage  of  one  train,  as  in  s*iff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.     The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 


21.  Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only  two-thirds  of  the 
dead  load  stressrs  ^hill  bo  ronsidrred  as  effective  in  counteracting  the  live  load  stress. 

34.  Combined  Stresses. — Members  subject  to  both  axial  and  bending  stresses  shall  be  prx>- 
portioneil  so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

as.  Kor  strrssrs  profJuccd  by  longitudinal  and  lateral  or  wind  forces  combined  with  those 
from  live  and  dead  loads  and  centrifugal  force,  the  unit  stress  may  be  iocrcaaed  25  per  cent  over 
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tkoae  pvtn  above;  but  the  aectioa  shall  doc  be  leaf  than  required  for  live  and  dead  loads  and 
centritusai  force. 

36.  Ket  Section  at  Rirets. — I  n  proportioaing  tension  members  the  *****»^^  of  the  rivet  holes 
■hall  be  taken  l-in.  Lirger  than  the  nominal  diameter  of  the  m-et. 

27.  KiTets. — In  proportioning  n\-rts  the  ootnio^  diameter  of  the  rivet  shall  be  used. 

38.  Net  Section  at  Pins.^Pin-connccied  ri^'eted  tcnsiaa  members  shall  have  a  net  sertioo 
through  the  pin-hole  at  least  25  per  cent  in  excess  of  the  net  section  of  the  body  of  the  member, 
and  ibc  net  section  back  of  the  pin-hole,  parallel  with  the  axis  of  the  member,  shall  be  not  less  than 
the  net  section  of  the  body  of  the  member. 

39.  Plate  Girders. — Plate  girders  shall  be  proportioned  ertber  by  the  moment  of  inertia  of 
their  net  section;  or  by  assuming  that  the  Aangcs  are  concentrated  at  their  centers  of  gravity: 
in  which  case  one-eighth  of  the  gross  section  of  the  web.  if  properlv  spliced,  may  be  used  as  ftangc 
section.  The  thickness  of  web  plates  shall  be  not  less  than  xtv  ^  ^^c  unsupported  di^ance 
between  flange  an,;!'.-*  (see  38). 

30.  Compression  FUnge. — ^The  gro«  section  of  the  compression  flanges  of  plate  girders  shall 
not  be  less  than  the  groas  section  of  the  tension  flanges;  nor  shall  the  stress  per  sq.  in.  in  the 

compression  flange  of  any  beam  or  girder  exceed   16,000  —  200  r*.  when  flange  consists  of  angles 

only  or  if  cover  consists  of  flat  plates,  or  16.000  —  1507,  if  cover  consists  of  a  channel  section, 

where  /  -  unsupported  dUtance  and  b  —  width  of  flange. 

31.  Flange  Rivets. — The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  sufficient 
number  of  ri^'cts  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flange.  The 
wheel  toads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three 
ties. 

32.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  leas  than  one-tenth  of  the 
span.  Plate  pirders  and  rolled  beams,  used  as  girders,  shall  preferably  ha\'c  a  depth  of  not  less 
than  one-twelfth  of  the  s[>an.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall 
he  increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios 
had  not  been  exceeded. 


IV.     DETAILS  OF  DESIGN. 


GEVERAL   BEQtnitEMEVTa. 

33'  Open  Sections. — Structures  shall  be  .so  designed  that  all  parts  will  be  accessible  for 
inspection,  rlcaninK  and  painting. 

34.  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes,  or  be 
filled  with  waUTpnvtf  matfrial. 

35.  Symmetrical  Sections.^Main  membecs  shall  be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

36.  Counters. — Rigid  counters  arc  preferred;  and  where  subject  to  reversal  of  stress  shall 
preferably  have  riveted  connections  to  the  chords.  Adjustable  counters  shall  have  open  tum- 
Ducklcs. 

37.  Strength  of  Connections. — The  strength  of  connections  shall  be  suflficicnt  to  dewlop  the 
full  strength  uT  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  which 
the  member  is  siilijc'"'t"--ii  iK-ing  consideretl. 

38.  Minimum  Thickness. — The  minimum  thickness  of  metal  shall  be  j-in.,  except  for 
fillers. 

30.  Pitch  of  Rivets. — ^The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  hut  the  distance  shrill  preferably  be  not  less  than  3  in.  for  J-in.  ri\'ets  and 
3|  in.  for  |-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for  members  composed  of  plates 
and  shapes  shall  be  6  in.  for  J-in.  rivets  and  5  in.  for  J-in.  rivets.  Kor  angles  with  two  gage  lines 
ant)  rivets  staggered  the  maximum  shall  l>e  twice  the  above  in  each  line.  Where  two  or  more 
plates  are  used  in  n^ntact,  rivets  not  more  than  12  in.  ap,irt  in  cither  direction  shall  be  used  to 
hold  the  plates  well  together.  In  tension  members,  composed  of  two  angles  in  contact,  a  pitch 
of  !2  in.  will  lio  allowed  for  riveting  the  angles  together. 

40,  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  hi-  i\  in  for  }-in.  rivets  and  i\  in.  for  |-in.  rivets,  and  to  a  rollerl  edge  i  J  in.  and  I J  in., 
respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times  the  thickness  of  the 
plate,  but  shall  not  exceed  6  in. 
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41.  Maximum  Diameter. — The  diameter  of  the  rivets  in  any  angle  carrying  calculated  strew 
shall  not  exccv\l  'mc-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  I-in. 
rivets  may  Ik.*  usctl  in  3-in.  angles,  and  J-in.  rivets  in  2J-in.  angles. 

42.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
diall  be  increased  in  number  at  least  one  per  cent  for  each  additional  t'j-in-  ^f  grip. 

43.  FHtch  at  Bads. — The  pitch  of  rivets  at  the  ends  of  built  cumprcs^ion  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-hall  times  the  maximum 
width  of  menil>er. 

44-  Compre&sioa  Members. — In  compression  members  the  metal  shall  be  concentrated  afl,^H 
much  as  possible  in  webs  and  flanges.     The  thickness  of  each  web  shal!  be  not  less  than  one-^^| 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.     Cover  pUtc^  shall  have  a  thickncss^^' 
not  less  than  onc-forticth  of  thu  distance  between  rivet  lines. 

45.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall  hav-e 
a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

46.  Tie-PIates.^The  open  sides  of  compression  members  shall  be  provided  with  lattice  and 
shall  have  tie-plates  as  near  each  end  as  practicable.  Tic-plates  shall  lie  provided  at  intermefliate 
points  where  the  lattice  is  interrupted.  In  main  members  the  end  tie-plates  shall  have  a  length 
not  le*4  than  the  distance  befween  the  lines  of  rivets  connecting  them  to  the  flanges,  and  inter- 
me<iiate  ones  not  less  than  one-half  this  distance.  Their  thickness  shall  not  he  less  than  one- 
fiftieth  of  the  same  distance. 

47.  Lattice. — The  latticing  of  compression  members  sh.ill  Ix^  proportioned  to  resist  the 
shearing  stresses  corresponding  to  the  allowance  for  flexure  for  uniform  load  provided  in  the 

column  formula  in  paragraph  16  by  the  term  70  -  .     The  minimum  width  of  lattice  bars  shall  be 

3\  in.  for  Jin.  rivets.  2  J  in.  for  fin.  riwts,  and  2  m.  if  fin.  rivets  are  used.  The  thickness  shall 
not  be  less  than  one-fortieth  of  the  distance  Ix'tween  end  rivets  for  single  lattice,  and  one-sixtieth 
for  double  lattice.     Shapes  of  equivalent  strength  may  be  used. 

48.  Thrcefourths-inch  rivets  .shall  be  used  for  latticing  flanges  less  than  2\  in.  wide,  and 
i-in.  for  flanges  from  24  to  3I  in.  wide;  |-in.  rivets  shall  be  used  in  flanges  3)  in.  and  over,  and 
Utiicr  bars  with  at  least  two  rivets  shall  l>e  ustKl  for  flanges  over  5  in.  wide. 

49.  The  inclination  of  lattice  bars  with  the  axis  of  the  member  shall  \)c  not  less  than  .^5  degrees, 
and  when  the  distance  between  rivet  lines  in  the  flanges  is  more  than  15  in.,  if  single  nvcl  bar  is 
userl,  the  lattice  shall  be  double  and  riveted  at  the  intersection. 

50.  Lattice  bars  shall  be  so  spaced  that  the  portion  of  the  flange  included  between  their 
connections  shall  be  as  strong  as  the  member  as  a  whole. 

51.  Faced  Joints. — Abutting  joints  'm  compression  members  when  faced  for  1>earing  shall  be 
•fi^iced  on  four  sidrs  suffirienily  to  hold  the  connecting  memliers  accurately  in  place.  All  other 
joint*  in  rivi-ted  work,  whether  in  tension  or  compression,  shall  l>e  fully  spliced, 

52.  Pin  Plates. — Pin-holes  fshall  Ijc*  ninforccd  by  plates  where  necessary,  and  at  least  one 
plate  shall  be  as  wide  as  the  flanges  will  allow  and  lie  on  the  same  side  as  the  angles.  They  shall 
rontain  sufficient  rivets  to  distribute  their  portion  of  the  pin  pressure  to  the  full  cross-section  of 
the  memb<*r. 

5.].  Forked  Ends. — Forked  ends  on  compression  members  will  l>e  permitted  only  where 
unavoidable;  where  used,  a  sulTicient  numlx-r  of  pin  plates  shall  be  provided  to  make  the  jaws  of 
twice  the  sectional  area  of  the  meml>er.  At  least  one  of  these  plates  shall  extend  to  the  far  edge 
of  the  farthest  tie-plate,  and  the  balance  to  the  far  edge  of  the  nearest  tie-plate,  but  not  less  than 
6  in.  Ix-ynnd  the  near  edge  of  the  fanhest  plate. 

54.  Pins, — Pins  shall  U*  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected 
U|>on  the  turned  bcxly  of  the  pin.     They  shall  be  secured  by  chambered  nuts  or  be  provide<l  with 
washers  if  solid  nuts  arc  used.     The  screw  ends  shall  be  long  enough  to  admit  of  burring  t 
thnads. 

55.  Members  packed  on  pins  shall  be  held  against  lateral  movement. 

56.  Bolts. — Where  members  are  connected  by  ImjUs.  the  turned  body  of  these  bolts  shall 
long  enough  to  extend  through  the  metal.     A  washer  at  lea^l  J-in.  thick  shall  be  used  under  the 
nut.     Bolts  shall  not  be  used  in  place  of  rivets  except  by  special  permission.     Heads  and  nuts 
»hall  be  hexagon.d. 

57.  Indirect  Splices. — Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
ihcy  connect,  rivets  shall  l>e  used  on  each  siile  of  the  joint  in  excess  of  the  number  theoretically 
rcquin^fl  t'»  the  extent  of  one-third  of  the  number  f<tr  e;i(h  intervening  plate. 

5ft.  Fillers, —  Rivets  rarr>*ing  stn-ss  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  numtier:  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

SO.  Expansion. — Provision  for  expansion  to  the  extent  of  |-in.  for  each  10  ft.  shall  be  made 
for  all  bridge  itructurrs.  Hlfficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point. 
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60.  Expaasioa  Bearings. — Spans  of  80  ft.  and  over  ruiilinK  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  end;  and  those  of  lesa  Itnglh  shall  Ix'  arranged  to  slide  on  smooth  surf; 
These  expansion  bearings  shall  be  designed  to  permir  motion  in  one  direction  only. 

61.  Fixed  Bearings. — Kixcd  bearings  sliall  lie  firmly  anchored  to  the  masonry.  ^^^ 

62.  Rollers. — Expansion  rollers  shall  he  not  lejis  than  6  in.  in  diameter.  They  shall ^7 
coupled  together  with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be 
rcaoily  cleaned.     Segmental  rollers  shall  be  geared  to  the  upper  and  lower  plates. 

63.  Bolsters. — Bolsters  or  shoe?  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing?.     Spans  of  80  ft.  or  over  shall  have  hinged  bolsters  at  each  end. 

64.  Wall  Plates, — Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distribute 
the  load  uniformly  over  the  entire  bearing.     They  shall  l)c  secured  against  displacement. 

65.  Anchorage.^Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplift. 

66.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  exiiansion  surfaces  may  be  level. 


rUOOK  SYSTEMS. 

67.  Floorbeams. — Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders.  They 
shall  be  riveted  directly  to  the  girders  or  trusses  or  may  be  placed  on  ton  of  deck  bridges. 

68.  Stringers. — Stringers  shall  preferably  be  riveted  tothe  webs  of  all  intermediate  floorbeams 
by  means  of  connection  angles  not  less  than  J-in.  in  thickness.  Shelf  angles  or  other  supports 
provided  to  support  the  strmger  during  erection  shall  not  be  considered  as  carrying  any  of  the 
reaction. 

69.  Stringer  Frames. — Wlicrc  end  floorbeams  cannot  l>e  used,  stringers  resting  on  masonry 
shall  have  cross  frames  near  their  ends.  These  frames  shall  be  riveted  to  girders  or  truss  shoes 
where  practicable. 

BftAClNG. 

70.  Rigid  Bracing. — Lateral,  longitudinal  and  transverse  bracing  in  all  structures  shall  be 
composed  of  rigid  members. 

71.  Portals. — Thnjugh  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  the 
end  posts  and  lop  chords.     They  shall  be  as  deep  as  the  clearance  will  allow. 

72.  Transverse  Bracing. — Intermediate  transverse  frames  shall  be  used  at  each  panel  of 
through  spans  having  vertical  trus.s  members  where  the  clearance  will  permit. 

73.  End  Bracing. ^Deck  sjwns  shall  have  transverse  bracing  at  each  end  proportioned  to 
carry  the  lateral  load  to  the  support. 

74.  Laterals. — The  minimum  sized  angle  to  be  used  in  lateral  bracing  shall  be  5J  by  3  by  |-in. 
Not  IcAS  than  three  rivets  through  the  end  of  the  angles  shall  be  used  at  the  connection. 

75.  Lateral  bracing  shall  Ik*  far  enough  l>eIow  the  flange  to  clear  the  ties. 

76.  Tower  Stmts. — The  struts  at  the  foot  of  viaduct  towers  shall  be  strong  enough  to  slide 
the  movable  shoes  when  the  track  is  unloaded. 

PLATE    GIRDERS. 

77.  Camber. — If  desired,  plate  girder  spans  o\'er  50  ft.  in  length  shall  be  built  with  camber  at 
a  rate  of  tV-*"-  P^'^  '"  ff-  ^^  length. 

78.  Top  Flange  Cover. — Where  flange  plates  are  u.spd,  one  cover  plate  of  top  flange  shall 
extend  the  whole  length  of  the  ginler, 

7Q,  Web  Stiffeners. — There  shall  be  web  stifTeners,  generally  in  pairs,  o^'cr  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  tnickness  of  the  web  is  less  than  ^  of  the 
unsupp<irted  distance  between  llange  angles.  The  distunce  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
dear  depth  of  the  web) : 

d  =— (la.ooo  -  j). 
40 
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Where  d  »  clear  distance,  between  stiffeners  of  flange  angles, 
I  «  thickness  of  web. 
s  =  shear  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
of  paragraph  16,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders,  fend  stiffeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  angles  will  allow  and  shall  fit  tightly  against  them.     Intermediate  stiffeners  may  be 
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offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder  plus  2  in. 

80.  Stays  for  Top  Flanges. — Through  plate  girders  shall  ha\*c  their  top  flanges  stayed  at 
each  end  of  every  Huorbeam,  or  in  case  of  solid  floors,  at  distances  not  exceeding  12  ft.,  by  knee 
braces  or  guuet  plates. 

TRUSSES. 

81.  Camber. — Truss  spans  shall  be  given  a  camber  by  so  proportioning  the  length  of  the 
members  that  the  stringers  wilt  be  straight  when  the  bridge  in  fully  loaded. 

82.  Rigid  Members. — Hip  verticals  and  similar  members,  and  the  two  end  panels  of  the 
bottom  chords  of  single  track  pin-connected  trusses  shall  be  rigid. 

83.  Eye-bars. — The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
•hall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  parallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

84.  Pony  Trusses. — Pony  trus:9C!»  shall  be  riveted  !»truL-tures,  with  double  webbed  chords,  and 
shaU  ^ve  all  web  members  latticed  or  otherwise  effectively  stiffened. 


PART  SECOND— MATERIALS  AND  WORKMANSHIP. 


V.     MATERIAL. 

85.  Steet. — Steel  shall  be  made  by  the  open-hearth  process, 

86.  Properties. — The  chemical  and  physical  properties  shall  conform  to  the  following  limits 
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Dcswau  Coiuiaered.              |       Stnictiuul  Stcd.                        Rivet  Slcvl. 

Scad  CasUns*- 

Phoiphorus,  max..  |  **:j^  * 
Sulphur,  maximum 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

0.04  per  cent 
0.04  per  cent 
0.04  per  cent 

0.05  per  ccnl 
0.08  per  cent 
0.05  per  cent 

Ultimate  tensile  strength. 
PonncSs  per  square  inch 

ElMg..  min.  %.  in  8".  Fig.  i  { 

Elong..  min.  %.  in  2",  Fig.  a.  . 

Character  of  Fracture 

Cold  Bends  without  Fracture. 

Desired. 
60,000 
1. 500.000* 

Desired. 

50.000 

1,500,000 

Not  less  than 
65.000 

15  per  cent 
/  Silky  or  fine 
\     pranular 

90«^  =  3: 

Ult.  tensile  strength 

22 

Silky 

180°  flatt 

Ult.  tensile  strength 

Silkv 
180°  flatt 

The  yield  point,  as  indicated  by  the  drop  of  beam,  shall  be  recorded  in  the  test  reports. 

87.  In  order  that  the  ultimate  strength  of  full-sized  annealed  eye-bars  may  meet  the 
requirements  of  paragraph  163,  the  ultimate  strength  in  test  specimens  may  be  determined  by 
the  manufacturers;  aU  other  tests  than  those  for  ultimate  strength  shall  conform  to  the  above 
rcquiremcnts- 

88.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4.000  lb.  from  that 
dewrrd,  a  ntr.'st  ''hall  t>?  made  on  the  same  gage,  which,  to  be  acceptable,  shall  be  within  5,000  lb. 
of  the  dt-*iirrd  ultimate 

H9.  Chemical  Analyses. — Chemical  determinations  of  the  percentages  of  carbon,  phosphorus, 
sulphur  and  mauKam-^  shall  be  made  by  the  manufacturer  fr\Mn  a  test  ingot  taken  at  the 
time  of  the  pnurine  of  each  melt  of  steel,  and  a  cornTt  copy  o(  such  analyst!^  shall  be  furnished 
ut  the  engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished  material,  if  called 
for  by  the  purchaser,  in  which  case  an  excess  of  25  per  cent  above  the  required  limits  will  be 
permtttcH. 

90.  Specimens. — Plate,  shape  and  twr  specimens  for  tensile  and  bending  tests  shall  be  made 
by  cutting  coupons  from  the  fintshe*!  prtKiuct,  which  shall  have  InHh  faces  rolle*!  and  Ixith 
millrd  to  the  form  <ihown  by  Fig.  I ;  or  with  both  e<Iges  parallel;  or  they  may  be  turned  to  a 
of  S-in.  for  a  length  of  at  least  g  in.,  with  enlarged  ends. 

91.  Rivet  rods  shall  be  tested  as  rolled. 


*  See  parigrsph  96.         f  See  parsgraphs  97,  98,  and  99.        |  See  parigraph  ICXL 


II  r>e  made  ^^M 
K>th  edges  ^^M 
1  diameter  ^^H 
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92.  Pin  and  roller  specimens  shall  be  cut  from  the  finished  rolletj  or  forced  bar.  in  such  manner 
that  the  center  of  the  specimen  shall  be  one  inch  from  the  surface  of  the  bar.  The  specimen  for 
tensile  test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  bending  test  shall  be 
[One  inch  by  j-in.  in  section. 

93.  For  steel  castings  the  number  of  tests  will  depend  on  the  character  and  importance  of 
the  castings.  S|K'cimcns  shall  bt-  cut  C(»kl  from  coupons  molded  and  cast  on  sf>me  portion  of  one 
or  mure  castings  from  each  nidi  or  frotn  the  sink  heads,  if  the  heads  are  of  sufficient  size.  The 
coupon  or  isink.  heai.l,  so  ui^'d.  bhall  be  annc;iU-il  with  the  casting  before  it  iscut  oiT.  Test  specimens 
to  be  of  the  form  prescribed  for  pins  and  rollers. 


IM 


Atvntt" 
— t 


Fig.   t 


Fio.  a. 


94.  Specimens  of  Rolled  Steel. — Rolled  sted  shall  be  tested  in  the  condition  in  which  it 
comes  from  the  rolU. 

95.  Number  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  Ix"  made  from  each 
melt  of  steel  as  rolled.  In  case  steel  differing  f-in.  and  more  in  thickness  is  rolled  from  one  melt, 
a  test  shall  bi'  made  fruni  the  thickest  and  thinnest  material  rolkd. 

96.  Modification  in  Elongation. — A  deduction  of  i  per  cent  will  be  allowed  from  the  specified 
percentage  for  elongation,  for  each  Jin.  in  thickness  above  J-in. 

97.  Bending  Tests- — Bvmjing  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes 
and  bars  less  than  one  inch  thick  shall  bend  as  called  for  in  paragraph  86. 

98.  Thick  Material,- -Full-sized  material  for  eye-bars  and  other  steel  one  inch  thick  and 
over,  tested  as  rolle*],  shall  bend  cnld  180  degrees  around  a  pin,  the  diameter  of  which  is  equal  to 
twice  the  thickness  of  the  bar.  without  fracture  on  the  outside  of  bend. 

99.  Bending  Angles. — Angles  Jin.  and  less  in  thickness  shall  open  Bat,  and  angles  (-in.  and 
rlcss  in  thickness  shall  bend  shut,  cold,  under  bljws  of  a  hammer,  without  sign  of  fracture.  This 
'test  shall  be  made  only  when  required  by  the  inspector. 

100.  Nicked  Bends. — Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter 
as  the  rivet  rod,  tshiill  give  a  gradual  break  and  a  fine  silky  uniform  fracture. 

loi.  Finish. — Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  and  have  a  smooth,  uniform  and  workmanlike  finish.  Plates  36  in.  in 
width  and  under  sh.ill  have  rulled  edges. 

102.  Melt  Numbers. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the 
name  of  the  manufacturer  stamped  or  rolled  upon  it.  Steel  for  pins  and  rollers  shall  be  stamped 
on  the  f:nd.  Rivet  and  lattice  steel  and  other  small  parts  may  be  bundled  with  tlie  above  marks 
on  an  attached  metal  tag. 

103.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and 
its  acceptance  there,  develops  weak  spots,  brittlcncss,  cracks  or  other  imperfections,  or  is  found 
to  have  injurious  defects,  will  be  rejected  at  the  shop  and  shall  be  replaced  by  the  manufacturer  at 
his  own  cost. 

104.  Variation  in  Weight. — A  variation  in  cross-section  or  weight  of  each  piece  of  steel  of 
more  than  2|  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case  of 
sheared  plates,  which  will  be  covered  by  the  following  permissible  variations,  which  are  to  apply 
to  single  plates,  when  ordered  to  weight: 

105.  Plates  lai  lb.  per  sq.  ft.  or  heavier: 

(a)  Up  to  100  in.  wide,  2\  per  cent  above  or  below  the  prescribed  weight. 

(b)  One  hundred  inches  wide  and  over,  5  per  cent  above  or  below. 
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X06.  Plates  under  12)  lb.  per  sq.  ft.: 

(a)  Up  to  75  in.  wide,  2\  per  cent  above  or  below. 

(b)  Scvcnty-ftvc  inches  and  up  to  too  in.  wide,  5  per  cent  above  or  3  per  cent  below. 

(c)  One  hundred  inches  wide  and  over,  10  i>cr  cent  above  or  3  per  cent  below. 

107.  Plates  when  urdcred  to  gage  will  be  accepted  if  they  measure  nut  mure  than  o.oi  in. 
below  the  ordctL-d  thickness. 

108.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimensions  on  the  order,  will 
be  allowed  for  each  plate,  if  nut  mure  than  that  shown  in  the  following  table,  one  cu.  in.  of  rolled 
steel  being  assumed  to  weigh  0.2833  ll^* 


Thkkoem 

Width  of  PUu.                                                  1 

Wei^u. 

Up  to  75^. 

75"  Afid  up  to 

I06". 

100^  and  up  to 

Onw  lis". 

i  -inch 

JL   ** 
i    ** 

Over  1      *• 

10.20  lb. 

ii-7S  " 
15.30  " 
17.8s   " 
20-40  *• 
22.9s  " 
25.50  " 

10  per  cent 
8 

7       " 
6       " 

S        " 

:'  ■■ 

3*      " 

14  per  cent 

12 

10       " 

8        " 

7        " 

61      " 

6       " 

5       " 

18  per  cent 

16 

IJ        " 

to       " 

9       " 

8|      « 
8       " 
6i      " 

t7  per  cent 
13        " 
12 
11 

10        " 
9 

109.  CAvt^Iron. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  o.  10  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free  from 
flaws  and  excessive  shrinkage.  If  tests  are  demanded,  they  shall  be  made  on  the  ".Arbitration 
Bar"  of  the  American  Society  for  Testing  Materials,  which  is  a  round  bar  iJ  in.  in  diameter  and 
15  in.  long.  The  transverse  test  shall  be  made  on  a  supported  length  of  13  in.  with  load  at  middle. 
The  minimum  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  dcllection  of  at  least  ^  in.  before 
rupture. 

tio.  Wrought-Iron. — Wrought -iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shall  be  thoroughly  welded  in  rolling  and  be  free  from  surface  defects.  When  tested 
in  specimens  of  the  form  of  Fig.  i,  or  in  full-siicd  pieces  of  the  same  length,  it  shall  show  an  ultimate 
strength  of  at  least  50.000  lb.  per  sq.  in.,  an  elongation  of  at  least  18  percent  in  8  in.,  with  fracture 
wholly  fibrous.  Specimens  shall  b^nd  cold,  with  the  fiber,  through  135  degrees,  without  sign  of 
fracture,  around  a  pin  the  di.imetcr  of  which  is  not  over  twice  the  thickness  of  the  piece  tested. 
Wfccn  nicked  and  bent,  the  fracture  shall  show  at  least  90  per  cent  fibrous. 

VI.     INSPECTION   AND  TESTING  AT  THE   MILLS. 

fit.  Mill  Orders. — The  purchaser  shall  be  furnished  complete  copies  of  mill  orders,  and  no 
material  shall  Ik*  rulk-d  nor  work  done  before  the  purchaser  has  been  notified  where  the  orders  have 
been  placed,  s-i  that  he  may  arrange  for  the  inspection. 

112.  Facilities  for  Inspection. — The  manufacturer  shall  furni.sh  all  facilities  for  inspecting 
and  testing  the  weight  and  (|uality  of  all  material  at  the  mill  where  it  is  manufactured.  Me  shall 
furnish  a  suitable  testing  machine  for  testing  the  specimens  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

113.  Access  to  MiU». — WTien  an  in«n(ytnr  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  hiai  is  being  manufactured. 

VII.    WORKMANSHIP. 

114.  General. — All  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drivings.  The  workmanship  and  finish  shall  be  equal  to  the  l)ese  practice  in  modem  bridge  works. 
Material  arriving  from  the  mills  shall  be  protected  from  the  weather  and  shall  have  clean  surfaces 
before  lieing  worki:d  in  the  shn|w. 

115.  Straightening.— Material  shall  l>e  thoroughly  straightened  in  the  shop,  by  methods  that 
will  not  injure  it,  iK'fore  Ix-ing  laid  off  or  worked  in  any  u'ay. 

116.  Plidth. — Shearing  and  chipping  shall  be  neatly  and  accurately  done  and  all  portions" ol 
the  work  exposed  to  view  neatly  finished. 

1 17.  Sixe  of  Rivets. — The  size  of  rivets,  called  for  on  the  plana,  shall  be  understood  to  mean 
the  actual  size  of  the  a>ld  rivet  before  heating. 
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118.  Rivet  Holes. — When  general  reaming  is  not  required,  the  diameter  of  the  punch  shall 
not  be  more  ihan  A-in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more 
than  i-in.  greater  than  the  diameter  of  the  punch.  Material  more  than  |-ia.  thick  shaU  be 
Bub-punched  and  reamed  or  drilled  from  the  solid. 

119.  Punching.^Punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes  will 
not  be  allowed.  If  the  hules  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed.  Poor 
matching  of  holca  will  be  cause  for  rejection. 

120.  Reaming. — Whore  sub-punching  and  reaming  are  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A-ixi.  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  iV-iu.  larger  than  the  nominal  diameter  of  the  rivet.     (See 

*35-) 

121.  Reaming  after  Assembling.* — [When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  a^iscmbled  and  so  firmly  bolted  together  that  the  surfaces 
•ball  be  in  close  contact.  If  neceasiry  to  take  the  pieces  apiart  for  shipping  and  handling,  the 
respective  pieces  reamed  together  shall  be  so  marked  that  they  may  he  reassembled  in  the  same 
position  in  the  5nal  setting  up.     No  interchange  of  reamed  parts  will  be  permitted.] 

122.  Reaming  shall  be  done  with  twist  drills  and  without  u^ng  any  lubricant. 

123.  The  outside  burrs  on  reamed  holes  shall  be  removed  to  the  extent  of  making  a  A-in. 
fUIet. 

124.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted.     (Sec  152.) 

125.  Lattice  Bars. — Lattice  bars  shall  have  neatly  rounded  emls,  unless  otherwise  called  for. 

126.  Web  Stiffeaers. — Stiffcncrs  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiflcners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flaoKe  anijle** 

127.  Splice  Plate  and  Fillers. — ^Wcb  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  within  l-in.  of  flange  angles. 

128.  Web  Plates. — Web  plates  of  girders,  which  have  no  co\'er  plates,  shall  be  flush  with 
the  backs  of  angleb  or  project  above  the  same  not  more  than  i-in.,  unless  otherwise  called  for. 
When  wcbplates  arc  spliced,  not  more  than  }-in.  clearance  between  ends  of  plates  will  be  allowed. 

129.  Floorbeams  and  Stringers. — The  main  sections  of  floorbeams  and  stringers  shall  be 
milled  to  exact  length  after  riveting  and  the  connection  angles  accurately  set  flush  and  true  to 
the  milled  ends  t[nr  if  required  by  the  purchaser  the  milling  shall  be  done  after  the  connection 
angles  arc  riveted  in  place,  milling  to  extend  over  the  entire  face  of  the  member].  The  removal 
of  more  than  A-'"-  fr^m  the  thickness  of  the  connection  angles  will  be  cause  for  rejection. 

130.  Riveting. — Rivets  shall  be  uniformly  heated  to  a  light  cherry  red  heat  in  a  gas  or  oil 
furnace  so  constructed  that  it  can  be  adjusted  to  the  proper  temperature.  They  shall  be  driven 
by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall  be  used  in  preference  to  hand 
driving. 

131.  Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and  of  eqfial 
size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recupping  and 
calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  thuy  shall  be  drilled  out. 

132.  Turned  Bolts. — Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  shall  make  a  driving  fit  with  the  threads  entirely 
outside  of  the  holes.     A  washer  not  less  than  {-in.  thick  shall  be  used  under  nut. 

133.  Members  to  be  Straight. — The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finishe<l  meml«rs  shall  Ire  free  from  twists,  bends  or  open  joints. 

134.  Finish  of  Joints. — .Abutting  joints  shall  be  cut  or  drcsscxl  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfa(.-es  shall  l>c  truly  faced,  so  as  to  have  even  bearings  after  they  arc  riveted  up 
complete  and  when  perfectly  aligned. 

135.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  120,  to  a  steel  templet  not  less  than  one  inch  thick,  tflf 
required,  all  other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled 
in  the  shop  and  the  unfair  holes  reamed;  and  when  so  reamed  the  pieces  shall  be  match-marked 
before  being  taken  apart.] 

136.  Eye-Bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists, 
folds  m  the  neck  or  head,  or  any  other  Hefrct.  Heads  shall  be  made  by  upsetting,  rolling  or 
forging.     Welding  will  not  be  allowed.     The  form  of  heads  will  be  determmea  by  the  dies  in  use 

•  See  Addendum,  clause  (d). 
t  See  Addendum,  clause  jf). 
tScc  Addendum,  clause  (c). 
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the  works  whcrv  the  e>*e-bare  arc  made,  if  satisfactory  to  the  engineer,  but  the  manufacturvr 
lil  guarantee  the  bars  to  bivak  in  the  body  »hca  tested  to  rupture.     The  thicknc^  of  head 
and  neck  shall  not  var>'  morv  than  i^-in.  from  that  specilied.     (See  163.) 

137.  Boring  Eye-Bars. — Before  boring,  each  eye-bar  &hall  be  properly  annealed  and  carcrulty 
straightened.  Pin-holes  shall  be  in  the  center  line  of  bars  and  in  the  center  of  heads.  Bar»  of 
the  aoine  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  /y-it^  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  »*ith<)ut  forcing, 

138.  Pin-Holes. — Pinholes  shall  be  bored  true  to  gages,  smooth  and  sinught;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring 
shall  be  done  after  the  member  is  riveted  up. 

139-  The  distance  center  to  center  of  pin-holes  shall  be  correct  within  iSrm*«  and  the  diameter 
of  the  holes  nut  morv  than  ^in.  larger  than  that  of  the  pin.  for  pins  up  to  5-tn.  diameter,  and  /j- 
io.  for  lareer  pin^. 

140.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  ami  smi»»th  and  entirely  free  from  H.iws. 

141.  Screw  Threads. — Screw  thread*  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S, 
standard,  except  above  the  diameter  of  1 1  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

142.  Annealing. — Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annciilod. 

143-  Steel  Castings. — Stcd  castings  shall  be  free  from  large*  or  injurious  blowholes  and  shall 
be  annealed. 

144.  Welds. ™\VcIds  in  steel  will  not  be  allowed. 

145.  Bed  Plates. ^Expansion  bed  plates  shall  be  pbncd  true  and  smooth.  Cast  wall  plates 
shall  be  pUneti  top  and  boittfm.  The  finishing  cut  of  the  planing  tool  shall  be  fine  and  corrvspond 
with  the  dirvotion  of  exKuision. 

146.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin.  in  such 
numbem  as  may  be  ordered. 

147.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten  rivets 
in  excess  of  the  nominal  number  required  for  each  siae. 

148.  Shipping  Details.— Pins,  nuu,  bolts,  riveU  and  other  small  details  shall  be  boxed  or 
crated. 

149.  Weight. — The  scale  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

150.  Finished  Weight. — Payment  for  pound  price  contracts  shall  be  by  scale  weight.  No 
altow<incc  over  2  per  cent  of  the  total  weight  of  the  structure  as  computed  from  the  plans  will  be 
allowed  for  excess  weight. 

VIII.    SHOP  PAINTING. 

•151,  Cleaning. — Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  go«>d  Cf»ting  of  pure  Itnsced  oil,  or  such  paint  as  may  be  called  for.  well  worked  into  all  joints 
and  open  spaces. 

15^.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in  contact  shall  each  be  painted 
before  being  rivutttl  i'>^>jiher. 

153.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  includin,;  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  an 
additional  cuat  c»f  jxiint  before  leaving  the  shop, 

154-  Condition  of  Surfaces, — Painting  shall  be  done  only  when  the  surface  of  the  metal 
is  perfectly  dry.     It  shall  not  bo  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

155.  Machine-Finished  Surfaces. — Machine-finished  surfacx-s  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 


IX.     INSPFXTION  AND  TESTING  AT  THE  SHOPS. 

156.  Facilities  for  Inspection.— The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  qunlity  of  workmanship  ,ir  the  shop  where  matcri.1I  is  manufactured. 
He  shall  furnish  ;i  fiuitablc  telling  marhino  for  testing  full-^i««vl  members,  if  required. 

157.  Starting  Work.— The  purchaser  shall  l>c  notified  well  in  ad%-anre  of  the  start  of  the  work 
in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and  workmanship. 

15H.  Access  to  Shop.— When  an  inspector  is  furnished  by  the  purchawr.  he  shall  ha\'e  full 
aocesA,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

159-  Accepting  Material —The  inspector  shall  stamp  each  piece  accepted  with  a  pri\'atc  mark. 
Any  piece  not  so  marked  may  be  rejected  at  any  time  and  at  any  stage  of  the  work.     If  the  in- 


may  t»c  rejected 
•  Sec  Addendum,  clause  (b). 
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spector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or 
contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be 
rejected  by  the  purchaser. 

160.  Shop  Plans. — The  purchaser  shall  be  furnished  complete  shop  plans. 

x6i.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment.     These  shall  show  the  scale  weights  of  individual  pieces. 

X.    FULL-SIZED  TESTS. 

162.  Eye-Bar  Tests. — Full-sized  tests  on  eye-bars  and  similar  members,  to  prove  the  work- 
manship, shall  be  made  at  the  manufacturer's  expense,  and  shall  be  paid  for  by  the  purchaser  at 
contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisifactory,  the  members  repre- 
sented by  them  will  be  rejected. 

l6;j.  In  eye-bar  tests,  the  minimum  ultimate  strength  shall  be  55,000  lb.  per  sq.  in.  The 
elongation  in  10  ft.,  including  fracture,  shall  be  not  less  than  15  per  cent.  Bars  shall  generally 
break  in  the  body  and  the  fracture  shall  be  silky  or  fine  granular,  and  the  elastic  limit  as  indicated 
by  the  drop  of  the  mercury  shall  be  recorded.  Should  a  bar  break  in  the  head  and  develop  the 
specified  elongation,  ultimate  strength  and  character  of  fracture,  it  shall  not  be  cause  for  rejection, 
provided  not  more  than  one-third  of  the  total  number  of  bars  break  in  the  head  (see  136). 

ADDENDUM  TO  GENERAL  SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES. 

POINTS  TO  BB  SPBCEFICALLY  DETERMINED  BY  BUYERS  WHEN  S<^ICITING  PROPOSALS  POR  STEEL 

RAU.WAV   BRIDGES. 

When  general  detail  drawings  are  not  furnished  for  the  use  of  bidders  specific  answers  should 
be  given  to  questions  a,  b  and  c,  below. 

Specific  answers  should  also  be  given  to  questions  d,  e  and  f  if  the  class  of  work  described  in 
any  of  the  paragraphs  there  referred  to  is  desired.  If  these  features  are  not  si^ecifically  demanded, 
the  unbracketed  paragraphs  will  be  construed  to  define  the  kind  of  work  desired. 

(a)  What  class  o?  live  load  shall  be  used?     (Pars.  7  and  8.) 

(b)  Shall  linseed  oil  or  paint  be  used?     If  paint,  what  kind?     (Par.  151.) 

(c)  Shall  contractor  furnish  floor  bolts? 

(d)  Shall  general  reaming  be  done?     (Par.  121.) 

(e)  Shall  field  connections  be  assembled  at  the  shop?     (Par.  135.) 

(f)  Shall  floor  connection  angles  be  milled  after  riveting?     (Par.  139.) 


I  INSTRUCTIONS   FOR  THE   DESIGN  OF   RAILWAY  BRIDGES*  ■ 

The  following  instructions  for  the  design  of  the  details  of  railway  bridRL-s  have  been  preparra 
by  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  1912. 

RIVETS  AND  RIVET  SPACING.— 1.  For  conventional  signs,  actual  sizes  of  heads  aad 
Icngthb  of  fluid  rivets  for  various  grips,  see  Fig.  lO,  Chap.  XII,  and  Table  109.  Part  11. 

2.  Sixe. — Rivets  for  steel  bridge  '.vork  ahall  usually  l>e  {  in.  diameter,  except  where  limited 
by  sire  of  material.  In  very  heavy  work,  where  rivets  of  long  grip  are  required,  such  as  in  the 
drums  of  draw  s[xins,  I  tn.  rivets  arc  preferable. 

3.  Flattened. —  Rivet  heads  are  not  to  be  llatiened  to  les-s  than  |  in.  high. 

4.  Countersunk. — Where  heads  loss  than  |  in.  high  are  required,  they  Bhall  be  countersunk. 
The  conventional  signs  (or  countersunk  rivets  mean  that  rivets  shall  be  countersunk  and  chipped. 
Where  chipping  is  not  required,  it  should  be  so  noted  on  the  drawing.  Countersunk  rivets  should 
be  avoided  whenever  possible. 

5.  Clearance  of  Heads. — In  determining  clearance  the  heights  of  beads  should  be  assumed 
as  foUows: 

Full  head  {  in,  rivet i  in.  high 

Full  head  j  in.  rivet |  in.  high 

Full  head  i  in.  rivet A  '"•  high 

L  Head  flattened  to  i  tn.  rivet {in.  high 

p  Countersunk,  not  chipped I  in.  high 

6.  Spacing. — In  spacing  rivets  the  use  of  fractions  smaller  than  }  in.  should  be  avoided. 
Where  unavoidable,  Itxate  in  such  a  way  as  to  cause  the  least  number  of  repetitions. 

Locate  splices  and  stiffcners  with  a  view  to  keeping  the  rivet  spacing  as  regular  as  possible. 

7.  Stagger  and  Clearance. — For  distances  center  to  center  of  staggered  rivets  and  clearance 
required  for  driving,  see  standards.  In  s|:>ecial  cases  where  the  prescribed  clearances  arc  im- 
possible, allow  at  least  \  in.  cleanince  for  2  in.  and  I  in.  rivets  and  |^  in.  for  I  in.  rivets,  from  the 
edge  of  the  rivet  head  to  the  nearest  surface  or  other  obstructit)n. 

In  the  connection  of  cross-frames  to  girders,  and  in  small  lug  angles  and  detail  angles,  rivets 
must  be  spaced  so  that  they  will  not  interfere  with  each  other  in  driving. 

In  girder  tlange  angles,  the  rivets  in  the  "flange"  legs  should  stagger  at  least  I  in.  with  rivets 
in  the  "web"  Itrgs.  but  should  In?  staggered  uniformly. 

RIVETED  CONNECTIONS.— I.  Grouping.— Rivets  should  lie  grouped  to  insure  that 
the  line  of  applied  stress  passes  as  near  as  possible  through  the  center  of  the  group  of  rivets  which 
re^i»its  that  stress.  Where  the  eccentricity  is  marked,  the  stress  on  the  extreme  rivet  due  to  this 
eccentricity  shall  he  computed  and  when  properly  combined  with  the  direct  stress  shall  not  exceed 
the  allowable  stress  per  rivet. 

3.  Gusset  Plates. — Gusset  plates  shall  have  such  a  thickness  as  will  on  any  section  develop, 
in  iK^nding  and  shear,  the  full  stress  which  has  been  transmitted  to  it  by  the  rivets  outside  the 
section. 

3.  Clearance. ^The  clearance  between  chords  and  web  members  entering  same  and  other 
similar  riveted  connections  shall  be  not  less  than  |  in.  in  heavy  structures  and  ^  in.  in  light 
structures. 

PINS  AND  PIN  PACKING.— I.  Pins.— Pins  shall  bo  pmportioned  to  carT>*  the  reactions 
of  the  stresses  in  all  the  members  meeting  at  a  point  at  unit  strcs^rs  specified.  In  computing 
bending  moment  on  pins,  assume  each  load  concentratwl  at  its  c(.*nter  of  bearing. 

a.  Pin  Pscldag. — Observe  the  following  rules  regarding  arrangement  of  eye-bars  and  pin 
plates: 

(i)  Arrange  pin  packing  so  as  to  reduce  bending  moment  on  pin  to  minimum. 

(2)  Leave  at  least  ^  in.  clearance  between  a'"ljarent  surfaces. 

fj)  Provide  an  additional  clearance  in  the  length  of  the  pin  of  not  less  than  \  in. 

(4)  When  two  or  more  pin  plates  are  riveted  together,  allow  A  in.  fur  each  plate,  in  addition 
to  its  nominal  thickness. 

(5)  Where  hinge  plates  arc  used  allow  \  in.  clearance  between  hinge  plates  and  faces  of  con- 
necting memlxTB. 

(6)  Adjacent  surfaces  of  eye-bars  composing  a  member  shall  have  a  clearance  of  |  in.  to 
allow  for  painting. 

(7)  All  eye-bars  are  to  lie  in  planes  as  nearly  as  possible  parallel  to  the  center  line  of  trussi 
no  divergence  exceeding  one  inch  m  16  ft.  being  permitted. 

'  Prepared  !>y  the  engineering  department  of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.; 
Mr.  C.  F.  Loweth,  Chief  Engineer,  and  Mr.  J.  H.  Prior,  Office  Engineer. 

219 


(8)  Where  distance  between  adjacent  surfaces  is  I  in.  or  more,  filler  rings  shall  be  provided 
to  prevent  lateral  motion,  but  the  aggregate  length  of  such  filler  rings  shall  be  )  in.  less  than  the 
neat  length  required,  after  making  necessary  allowances  for  packing. 

{g)  The  neat  grip  of  pins  shall  be  the  distance  out  to  out  of  outside  surfaces  after  making 
allowances  for  clearance. 

(to)  The  ordered  length  of  pins  between  shoulders  shall  exceed  the  acat  grip  by  the  following 
allowances: 

For  pins  of  3}  in.  diam.  or  less,  allow  }  in. 

For  pins  of  3  J  in.  diain.  to  6  in.  diam.,  allow  J  in. 

For  pins  of  6^  in.  diam.  to  9^  in.  diam.,  allow  f  in. 
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GIRDER  WEBS.— Width  of  Web  Plates, — On  deck  girders  the  web  must  usually  project 
f  in.  above  the  back  of  the  top  Hangc  angles,  to  receive  the  notches  in  the  track  tics,  except  for 
concrete  deck  floors  where  the  slabs  rest  on  a  top  cover  plate.  In  other  cases,  where  no  cover 
plates  are  required,  the  web  must  be  flush  with  the  top  flange  angles.  At  the  bottom  flan^  in 
all  cases,  and  at  the  top  flange  where  cover  plates  arc  required,  the  web  may  be  set  back  J  in. 

Web  plates  shall  not  be  ordered  in  widths  having  a  fraction  of  an  inch  less  than  \  in. 

Thickness. — Web  plates  should  have  a  minimum  thickness  of  ^  in.  At  web  splices  J  in. 
clearance  between  ends  of  web  plates  shall  be  allowed. 

Web  Splices  Location. — Web  splices  for  girders,  when  required,  should  preferably  be  placed 
near  the  third  or  quarter  points,  and  never  when  avoidable  at  the  point  of  maximum  moment. 

Size. — Web  sjjiices  snould  be  of  sufficient  width  to  lake  two  lines  of  rivets  through  each 
section  of  the  web  spliced.  When  not  under  floorbeam  connectioa  angles,  |  in.  clearance  may  be 
allowed  top  and  bottom. 

Moment  Splices. — In  addition  there  should  be  splice  plates  on  the  vertical  legs  of  the  flange 
angles,  designed  to  splice  the  portion  of  the  web  covered  by  the  flange  and  where  thus  spliced,  the 
resisting  moment  on  the  web  may  be  taken  as  equivalent  to  that  of  J  of  its  gross  area  considered 
as  flange  section. 

Where  the  splice  plates  on  the  flange  angles  are  omitted,  the  rivets  in  the  flange  angles  for  a 
distance  of  om^  (cKit  either  side  of  the  splice  may  be  considered  as  part  of  the  group  of.spliring  rivets, 
and  account  shall  be  taken  of  the  longitudinal  shearing  stress  on  these  rivets  as  well  as  the  stress 
due  to  the  splice. 

Riveting. — The  riveting  shall,  where  practicable,  be  such  as  to  develop  the  full  strength  of 
the  web,  and  shall  always  be  such  as  to  develop  the  actual  moment  carried  by  the  web  at  anv  point; 
this  being  determined  by  multiplying  the  total  moment  on  the  section  by  the  ratio  of  J  of  the  gross 
web  section  to  the  total  flange  area,  including  this  web  equivalent.  Splices  shall  also  be  designed 
10  earn,'  the  total  shear  on  the  section  due  to  the  assumed  loading. 

GIRDER  FLANGES.— I.  Composition.— At  least  J  of  the  area  of  the  flange  section  should 
consist  of  angles,  or  else  the  maximum  si«e  of  the  latter  be  used,  and  in  no  case  should  the  center 
of  gravity  of  the  flange  come  above  the  flange  angles.  For  location  of  center  of  gravity  for  various 
types  of  flange  and  sizes  uf  material,  see  Table  B8,  Part  II. 

2.  Composition  of  flanges  shall  preferably  be  as  follows: 
(i)  6"  X  6"  angles  without  cover  plates. 

(2)  6"  X  6"  angles  with  14  in.  or  iG  in.  cover  plates. 

(3)  8"  X  8"  angles  with  17  in.  or  18  in.  cover  plates. 

(4)  8"  X  8"  angles  with  2  or  4-6"  X  4"  angles,  without  cover  plates.     (Type  A4.) 
Thickness  of  flanges  without  cover  plates  shall  not  be  less  than  ^V  t-he  width  of  the  outstanding 

leg  of  the  angle. 

3.  Net  Section. — The  riveting  in  the  tension  flanges  shall  be  computed  according  to  method 
shown  in  Tables  109  to  113,  Part  II.  Where  the  spacing  of  flange  rivets  is  not  known  in  advance, 
about  the  following  allowances  shall  be  made.  In  detailing  flange  riveting,  where  there  is  not  a 
considerable  excess  of  flange  section,  endeavor  to  keep  within  these  allowances: 

(1)  Flange  angles  without  cover  plates  and  without  lateral  bracing  connections,  each  angle — 
one  hole  out. 

(2)  Flange  angles  without  cover  plates,  but  with  lateral  connections,  each  angle — l)  holes 


g 

4 


4 


out. 


-two  holes  out. 


(i)  Flange  angles  with  cover  plates,  each  anglt 
(4)  Cover  pUtcs — two  holes  out. 

4.  Cover  Plates. — Cover  plates  shall  have  the  same  thickness  or  shall  diminish  in  thickness 
from  the  flange  angle  out.  In  determining  length  of  cover  plates,  the  curve  of  maximum  moments 
shall  be  established  and  plates  shall  be  made  i  ft.  longer  at  each  end  than  the  theoretical  require- 
ment. 

5,  Fiftnge  Splices. — ^Flangcs  shall  never  lie  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.     Where  flange  splices  occur  the  following  requirements  shall  be  observed: 
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!l)  Splice*  shall  always  be  located  at  points  where  there  is  an  excess  of  flange  section. 
2)   No  two  parts  of  the  flange  shall  be  spliced  within  2  ft.  of  each  other. 

(3)  Flange  angles  shall  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible,  the  largest  possible  splice  angle  shall  be  used,  and  the 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle. 

(4)  In  splicing  cover  [>latcs  where  one  or  more  plates  intervene  between  the  splice  plate  and 
the  cover  plate  which  it  splices,  the  requirement  of  paragraph  57  of  the  A.  R,  E.  A.  Specificatioofl 
for  Design  shall  be -observed. 

i$)  Rivets  in  splice  plates  and  angles  shall  l>c  located  as  close  together  as  possible,  in  onJer 
that  the  transfer  may  take  place  in  a  short  distance. 

(6)  No  allowance  shall  be  made  for  abutting  edges  of  spliced  members  of  the  compression 
flange. 

6.  FLange  Riveting. — Rivets  connecting  flange  to  the  web  shall  be  sufficient  to  resist  at  any 
point  the  longitudinal  shear  combined  with  any  load  that  is  applied  directly  to  the  flanges.  The 
wheel  loads  where  tics  rest  directly  on  the  flanges  shall  be  assumed  to  be  distributed  over  3  ft. 

The  pitch  of  ri\x*ts  between  flange  and  web  at  any  section  may  be  computed  by  the  formulas: 

For  through  girders,  p  ^  R  '  djS, 

R ' 
For  deck  girders,  p 


V©'-(f)' 


p  «  longitudinal  sparing  of  rivets  in  inches; 

k  =*  value  of  one  nvet  in  bearing  or  double  shear  in  pounds; 

d  "  distance  center  to  center  of  flanges  in  inches; 

S  "  total  maximum  shear  in  pounds  at  the  section,  reduced  in  the  ratio  of  the  net  area 

flange  angles  and  plates  to  the  ngt  area  of  flange  phis  |  the  gross  web  section. 
W  =  one  wheel  load  plus  100  ix!r  cent  impact. 

7.  Maximum  Spacing. — Maximum  spacing  of  rivets  between  flanges  and  web  shall  be: 

Top  flange,  deck  girders 34  in. 

Top  flange,  through  girders 4i  in. 

For  convenience  in  shop  work,  spacing  of  rivets  in  top  and  bottom  flanges  shall  be  exactly 
alike  where  poisihle. 

8.  Rivets  in  Cover  PUtes. — Where  it  is  necessary  to  compute  spacing  of  rivets  connecting 
cover  plates  to  flange  angles,  the  following  formula  may  be  used: 

p  =  n  •  R  '  d/S  X  Afa 

where  J?  *"  value  of  one  rivet  in  single  shear  or  bearing: 

H  »  number  of  rivets  on  one  transverse  line  through  cover  pUtet  and  fUinges 

a  "  total  area  of  cover  plates  at  section; 

A  »  area  of  entire  flange  at  section: 

S  and  d.  as  in  section  6,  "Flange  Riveting." 
The  pitch  as  computefl  by  this  formula  shall  be  diminished  15  per  cent  for  every  cover  plate 
reorc  than  one.     Rivets  in  cover  plates  shall  preferably  stagger  half  way  with  the  rivets  in  the  verti- 
cal legs  of  the  flange  angles.     The  maximum  sparing  shall  be  6  in. 

9.  Circular  Ends. — For  through  spans  with  cirruUr  ends,  the  end  angles  should  l>e  spliced  near 
the  ends,  as  the  full  length  angles  cannot  be  handled  in  making  the  l>ends. 

Rivets  through  cover  plates  on  circular  ends  must  be  spaced  close  enough  to  draw  the  plates 
tight  against  the  angles.     The  smaller  the  radius,  the  closer  rivets  should  be  spaced. 

to.  Overrun  of  Angles. — In  place  girders  whose  top  flange  is  composed  of  four  or  more  angles, 
about  I  in.  should  be  alluwefl  between  the  edges  of  angles  to  allow  for  overrun. 

M.  Gage  in  Cover-PUtes.— On  girders  which  are  similar,  but  which  have  webs  of  different 
thickness,  the  gage  in  the  angles  should  be  left  the  same  and  the  gage  in  the  cover  plate  varied  to 
suit  the  web  thirkness. 

GIRDER  STIFFElfERS. — Intermediate  Stiffeners.— 1ntermc<Iiate  stiffencrs.  except  at  con- 
centrated load,  may  be  offset,  and  shall  boar  tightly  against  top  and  bottom  flange.  The  ordered 
length  of  ofFM*t  stiflcner  angles  shall  be  the  finished  length  plus  the  thickness  oTeach  angle  over 
which  it  is  affw't. 

Size  of  Stiffeners.- 
flange  angles  shall  Ix;  5 
X  I". 

Field  riveted  sliffeners  at  floorbcams  of  through  girders  may  have  |  in.  clearance  at  the  top. 
FiUcTs  under  end  stifTeners  and  under  concentrated  toads  must  bear  on  bottom  flange,  but  may 
have  I  in.  clearance  at  top. 


'In  general,  the  minimum  size  of  stiffencrs  bearings  against  6' 
'  X  3i"  X  I",  and   against  8"  X  8"  flange  angles  shall  be  6" 


'X6" 
X3»" 
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Rivets  in  StifiFeners. — Rivets  in  stifTcncr  angles  may  have  the  maximum  spacing,  except  that: 

(a)  Rivuts  ill  end  stiffeners  and  stifTcncrs  at  concentrated  luads  shall  develop  the  full  computed 
stress  in  the  stiffeners.  . 

(b)  Spacing  of  rivets  in  end  stiffeners,  intermediate  stiffcncrs,  and  web  splices  shall  be  identi- 
cal, except  that  rivets  in  any  line  may  bu  omitted  where  possible  without  exceeding  the  maximum 
specified  pitch,  in  order  to  minimize  shop  work  of  punching.  • 

Holes  £or  Hand-Hooks. — All  sliffeners  on  deck  girders  with  concrete  decks  and  ballast  floors 
should  hiivc  holes  punchud  in  the  outsunding  lugs  Tor  inserting  hand-hook  to  support  a  person 
inspecting  bridge.  Holes  shouM  be  ||  in.  diameter  and  located  b  in.  from  top  flange  on  shallow 
girders  and  6  ft.  from  bottom  flange  on  deep  girders.  Gage  line  of  hole  to  be  ij  in.  from  outer 
edge  of  angle. 

STRINGERS  AND  FLOORBEAMS.— i.  Stringers.— Stringers  for  through  girder  spans 
may  be  either  I-beams  or  built  girders.  Where  I-beams  are  used  two  stringers  shall  be  placed 
under  each  rail.  Depth  of  stringers  sliall  depend  on  available  distance  from  base  of  rail  to  "low 
bridge";  depth  shall  be  preferably  \  to  |,  but  not  less  than  ^,  the  |>anel  length. 

2.  Floorbeams. — Depth  of  rtoorlicams  shall  be  such  as  to  allow  stringers  to  be  framed  readily 
into  the  web,  and  not  less  than  k  of  the  distance  center  to  center  of  tirders  or  trusses, 

3.  Stringer  Comiections. — Stringers  shall  be  riveted  to  webs  of  floorbcams  with  |  in.  con* 
nection  angles.  Connection  angles  aru  to  be  faced  to  provide  uniform  bearing  against  webs  ofj 
floorbeams.     Make  stringers  ^  in.  short  at  each  end  for  clearance  in  erecting, 

4.  Floorbeams  for  Through  Girders. — The  gusset  plates  connecting  Hoorbeams  to  main 
girders  shall,  wherever  possible,  extend  to  the  top  of  the  girder  and  shall  have  an  angle  riveted 
along  the  edge,  to  form  an  effective  stay  for  the  top  flange  of  the  main  girdt-r,  and  they  shall  also 
form  the  webs  of  the  end  portions  of  the  floorbeams,  extending  out  toward  the  center  as  far  as  the 
clearance  line  will  allow,  and  being  there  spliced  to  the  main  web. 

5.  Floorbeams  for  Truss  Bridges. — Floorbcams  for  truss  spans  shall  preferably  be  riveted  to 
the  vertical  posts  or  hangers,  extending  the  connection  angle  above  the  top  ilangc  where  necessary 
to  secure  sufficient  rivets.  When  it  is  necessary  to  cut  away  the  lower  corner  of  the  floorbeam  to] 
clear  the  chord,  special  care  shall  be  taken  to  so  reinforce  the  web  as  to  carry  the  end  shear  into 
the  connection  anj;!es. 

TRUSS  AND  TOWER  MEMBERS.— i.  Top  Chord  and  End-post— The  top  chord  and 
the  inclined  end-post  shall  usually  consist  of  two  built  channels,  with  a  thin  cover  plate  on  top 
and  with  bottom  flanges  latticed.  The  bottom  flantjea  shall  be  made  heavier  than  the  top,  in 
order  that  the  gravity  axis  may  come  as  close  as  possible  to  the  center  line  of  the  wclis. 

2.  Verticals  and  Rigid  Tension  Members. — Intermediate  posts  shall  usually  consist  of  two 
rolled  or  built  channels  latticed.  Hip  verticals  and  similar  members  and  the  two  end  panels 
of  the  btittom  chords  of  single  track  pin-connected  trusses  shall  be  rigid,  and  may  consist  either 
of  two  rollefl  or  built  channels  latticed;  or  of  four  angles  latticed  to  form  an  I-seclion. 

3.  Eye-bars. — Eye-bars  shall  be  use<l  for  all  bottom  chord  members  and  main  diagonals  that 
do  not  require  to  be  stiffened  in  pin-conncctcd  trusses.  Dimensions  of  heads  shall  be  according 
to  manufacturers  shop  standarti.  Length  of  eye-bars  shall  be  given  on  the  drawings,  center  to 
center  of  pin  holes,  and  alsr)  bark  to  hack  of  pin  holes. 

4.  Eccentricity. — The  line  of  applied  force  must  coincide  with  the  gravity  axes  of  built 
members  or  else  the  member  must  l>e  designed  for  combinerl  dia*ct  stress  and  flexure  due  to  the 
eccentricity  of  the  appliecl  l-vid. 

5.  Bending  Due  to  Weight. — Bending  moment  in  the  top  chord  and  end-post  due  to  weight 

p 
of  member  may  be  computed  by  the  approximate  formula,  -j  zL  M-c/I,  where  P  =  total  direct 

stress  in  the  member;  A  =  gross  area  of  the  section  of  the  member;  3f  =  lx?nding  moment  at  the 
section  of  the  member  in  in.-lb.;  c  =  distance  to  extreme  fibcrl  and  /  =  moment  of  inertia  of  the 
section  of  the  member. and  the  stress  from  such  bending  shall  be  deductct!  from  the  average 
compres?iive"itress  allowed  by  the  column  formula. 

6.  Bending  in  End-posts. — In  computing  stresses  in  the  end-post  of  through  pin-connected 
trusses,  due  to  wind  force,  where  the  end-post  consists  of  two  built  or  rolled  rhanneli.  if  the  prixluct 
of  the  wind  reaction  in  the  top  chord  times  one-half  the  distance  from  the  (<».)t  of  the  post  to  the 
lowest  connection  of  the  portal  bracing  does  not  exceed  the  product  of  the  dead  load  stress  in  one 
of  the  channels  composing  the  end-post  times  the  Histanre  center  to  center  of  the  bearings  of  the 
channels  on  the  pin,  the  post  may  he  considered  fixed-ended  and  the  point  of  contni-flexure 
assumed  midway  between  the  foot  of  the  post  and  the  lower  connectinn  of  the  pf>rtal  bracing. 
Otherwise  it  must  l>c  considered  pin-connected.  The  end-posts  of  riveted  through  trusses  shall 
be  considered  as  fixed-ended  columns. 

7.  Over-run  of  Angles. — Where  side  plates  are  used  on  chord  sections  placed  between  the 
flange  angles,  at  least  }  in.  clearance  should  be  allowed  between  the  edges  of  the  plate  and  the 
angles  to  allow  for  over-run  of  angles. 
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8.  Clearance  for  Riyeting. — When  flanges  of  angles  and  channels  of  built  members  are  turned 
in,  5i  in.  i)[)C'niny  bctwct-n  e<lgos  of  angles  or  channoU  is  required  to  rivet  the  tie  platosand  lacing. 

LATERAL  AND  SWAY  BRACING.— i.  Minimum  Sizes.— The  minimum  size  of  angles 
to  be  used  in  bracings  shall  l>u  3i''  X  3"  X  |".  Not  less  than  three  rivets  shall  be  used  in  the 
connection. 

2.  Effective  Section. — Where  single  angles  are  used  for  bracing  members  without  lug  angles 
connecting  the  outstanding  leg  to  the  gusset  plates,  not  more  than  80  per  cent  of  the  net  acction,  if 
in  tension,  shall  be  cunsidercj  as  effective. 

Where  single  angles,  used  for  bracing  members,  have  lug  angles  connecting  their  outstanding 
legs  to  the  gusset  plates,  and  where  the  center  of  the  group  of  connecting  rivets  in  the  gusset 
pUtcs  fall  close  to  the  gravity  line  of  the  angle,  in  plan,  90  per  cent  of  the  net  section  may  be 
considered  eflfectivc. 

3.  Double  Diagonal  Systems. — In  double  diagonal  systems  the  shear  due  to  wind  force  shall 
be  considered  as  carried  wholly  by  one  diagonal  in  tension,  but  the  maximum  value  of  l/r  ■=  120, 
specified  for  bnicing  members,  shall  not  be  exceeded.  In  assuming  "r"  the  connection  of  di- 
agonals at  their  intersection  may  be  considered  as  ofTering  supjwrt  against  deflection  in  the  plane 
ofthe  system,  but  not  againM  deflection  perpendicular  thereto. 

4.  Bending  at  Connections. — Connections  l>etween  bracing  racmliers  and  chords  shall  be 
designed  to  avoid  as  far  as  possible  any  bending  stress  in  main  truss  members. 


5.  Allowance  for  Draw. — For  diagonal  bracing  of  one  or  two  angles  the  following  draw 
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ahould  be  allowed: 

For  lengths  up  to  10  ft.  No  Allowance 

from  10  to  21  ft.  Allow  ^V  >i. 

from  21  to  35  ft.  Allow  j  in. 

over  35  ft.  Allow  A  in. 

The  use  of  thirty- seconds  of  an  inch  should  be  avoided  but  the  above  allowances  should  not  be 
varieti  by  more  than  j4  in. 

LATERAL  BRACING. — i.  Lateral  Bracing. — Lateral  bracing  shall  be  in  general  as  follows: 
(0   Oeck  girders  and  top  flanges  of  stringers  15  ft.  long  and  over;  single  diagonal  system  with 
transverse  struts,  composed  of  single  angles.     Slope  of  diagonals  45**  to  60*  with  axis  of  bridge. 

(2)  Through  girders:  Double  diagonal  system  of  same  panel  length  as  floor  system,  com- 
posed of  single  angles;  floorbcams  to  act  as  the  transverse  struts  of  the  system. 

(3)  Trusses,  loaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  s>*8tems, 
composed  of  single  angles,  or  double  angles  back  to  back;  floorbcams  to  act  as  the  transverse 
struts  of  the  system. 

(4)  Truwes,  unloaded  chord:  Double  diagonal  systems  of  same  panel  length  as  floor  system 
with  transverse  struts  at  panel  points;  all  composed  of  two  or  four  angles  laced  to  form  a  channel 
or  l-seclion,  of  depth  etjual  to  depth  of  chords. 

2.  Traction  Stresses. ^The  lateral  system  in  the  plane  of  the  loaded  chord  of  truss  spans  and 
of  through  girder  spans  shall  be  effectively  riveted  to  the  stringers  at  intersections,  and  the  diagonal 
jhall  be  designed  to  transmit  the  traction  for  one  panel  length  of  track  to  the  panel  point;  one 
diagonal  for  each  stringer  considered  acting  in  tension. 

3.  cupping  Angles  for  Clearance. — The  vcrtiral  leg  of  laterals  should  be  clippo<l  at  the  end 
when  there  is  a  possibility  tliat  the  st^uare  corner  would  interfere  in  any  way  with  putting  in  the 
laterals  or  rivt-tmg  up.  This  is  to  l>e  particularly  looked  out  for  at  floorbeam  connections  of 
through  ginkr  spans  and  in  top  laterals  nf  Type  A4  girder  spans. 

4.  Squaring  of  Holes  in  Connections. — Where  laterals  are  riveted  to  stringers  the  holes 
should  be  w|uarcd  with  the  stringers,  if  t»9sible.  At  the  intersection  of  diagonals,  the  holes  in 
splices  with  two  lines  of  rivets  should  be  squared  with  lateral  and  skewed  on  the  splice  plate. 

5.  Tie  Plates  and  Lacing  SymmetricaL — Where  laterals  have  tie  plates  or  tie  plates  and  lacing 
bars,  they  should  iH'dttailcd  symmetrically  so  that  the  angles  will  be  identical  by  turning  end  for  end. 

6.  Lateral  Plates  C3  and  C4  Spans. — The  lateral  plates  of  Type  C3  and  Type  C4  girder 
•pans  (flangirs  twi>  angli-**  and  cover  plates)  should  not  be  shop  riveted  to  the  girders,  as  it  is 
impoasihlr  to  put  in  fl<H»rlK*am  connection  angles  when  this  is  done. 

TRANSVERSE  BRACING.— i.  Transverse  bracing  shall  be  used  as  follows: 

(1)  At  interval*  of  n»u  more  than  15  ft.  on  deck  girder  spans.  Intermediate  frames  shall  be 
minimum  material.  End  frames  shall  be  designed  to  carry  to  the  abutment  the  total  lateral 
r«  acting  on  the  top  flange.     End  frames  of  skew  deck  girders  shall  l>e  placed  at  the  end 

"</  (h«;  short  girder,  and  at  right  angles  to  same.     Top  and  bottom  lateral  diagonal  braces  shall 
be  usrd  to  stay  the  end  of  the  long  girder. 

(2)  As  spacers  for  stringers  resting  on  masonry  where  end  floorbeams  cannot  be  used.  These 
frames  shall  be  riveted  to  girdt-rs  ur  truss  shoes  where  practicable. 

(3)  .\s  spacers  for  stringirt  at  all  expansion  points. 

(4)  At  end  panel  of  through  truss  spans,  naving  vertical  truss  members.  These  frames 
•hall  be  as  deep  as  clearance  will  permit. 
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(5)  Through  truss  spans  shall  have  riveted  portal  braces  rigidly  connected  to  tlie  end-potts 
and  top  chords.  They  shall  be  as  deep  as  clearance  will  allow,  and  shall  be  <iesigned  to  carry  to 
the  abutment  the  total  wind  force  acting  on  the  top  chord. 

(6)  At  panel  points  of  deck  truss  spans,  having  vertical  members.  Intermediate  framet 
shall  be  designed  to  carry  ^  the  panel  concentration  of  wind  and  centrifugal  force  to  the  bottom 
chord  and  the  end  frame  shall  be  designed  to  carry  ^  the  total  wind  and  centrifugal  force  acting 
on  the  top  chord  to  the  abutment. 

Frames  for  (1),  (2)  and  (3)  shall  consist  of  single  angle  struts,  top  and  bottom  and  doubfe 
diagonals.  Frames  for  (4)  may  consist  of  knee  braces  attached  to  the  top  lateral  struts,  but  pre- 
ferably where  clearance  permits,  of  light  open  webbed  girder.  Portal  frames  shall  consist  of  open 
webbed  girders,  with  knee  braces  connections  to  inclined  posts.  Frames  for  (6)  shall  consist  of 
double  diagonals  running  between  floorbeams  and  lower  lateral  struts  and  composed  oi  two  ang^ 
back  to  back,  or  of  two  or  four  angles  laced. 

2.  Diaphngms  for  Twin  Deck  Spans. — Diaphragms  connecting  two  pairs  of  twin  girdcfs 
are  to  be  omitted  on  shallow  spans.  Where  the  girders  exceed  3  ft.  6  in.  in  depth,  diaphragms  shall 
be  added  for  rigidity.     They  shall  be  connected  to  girders  with  ^eld  bolts. 

3.  End  Cross  Frames  and  Diaphragms. — In  the  design  and  location  of  end  croos  frames  and 
djaphraems  their  shape  and  position  shall  be  such  as  to  give  access  to  the  space  between  the 
girders  for  inspection,  painting  and  the  placing  of  anchor  bolts. 

REFERENCES.— For  the  calculation  of  the  stresses  in  railway  bridges  and  for  addittonal 
detaib  and  the  details  of  design,  the  following  books  may  be  consulted:  Merriman  &  Jacoby'a 
"  Roofs  and  Bridges,"  Part  I.  Stresses;  Part  II,  Graphic  Statics;  Part  III,  Bridge  Design;  Part  IV, 
Higher  Structures;  Johnson,  Bryan  and  Tumcaure*s  "Framed  Structures,"  Part  I,  Stresaeit 
Part  II,  Statically  Indeterminate  Structures  and  Secondary  Stresses;  Part  III,  Design  (in  prep- 
aration); Marburg's  "Framed  Structures,"  Part  I,  Stresses;  SpoflFord's  "Theory  of  Structures," 
stresses  in  structures;  DuBois's  "  Framed  Structures" ;  Burr  and  Falk's  "  Design  and  Construction 
of  Metallic  Bridges";  Skinner's  "Details  of  Bridge  Design,"  Parts  I,  II,  III;  Moore's  "Design 
of  Plate  Girders";  Ketchum's  "The  Design  of  Highway  Bridges."  stresses,  details  and  design. 


CHAPTER  V. 
Retaining  Walls, 
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Introdactioii. — A  retaining  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
some  other  granular  mass  which  possesses  some  frictional  stability.  The  prvssure  of  the  material 
supported  will  depend  upon  the  material,  the  manner  of  depositing  in  place,  and  upon  the  amount 
of  moisture,  and  will  vary  from  zero  to  the  full  hydraulic  pressure.  If  dr>'  clay  is  loosely  deposited 
behind  the  wall  it  v\\\  exert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cause  the  lianlc  to  shrink 
away  from  the  wall  and  there  will  be  no  pressure  exerted.  On  the  other  hand  alt  cohesion  may 
be  destroyed  by  the  vibration  of  moving  loads  or  by  saturation,  and  the  maximum  theoretical 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  coheaion, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohesion  and  of  limiting  the  extent  of  the  mass  is  considered  in  the  author's  "The  Dcaiga 
of  Walls,  Bins  and  Grain  Elevatore." 

Nomenclature. — The  following  nomeAcUturc  will  be  used: 
4  =  the  angle  of  rep>09e  of  the  hlUng. 

V  »  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 
#  «  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the  heel  of  the 

wall  and  extending  from  the  back  into  the  fill. 
i  ■  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  A  is 

positive  when  measured  above  and  negati\-e  when  measured  below  the  horizontal, 
a  —  the  angle  which  the  resultant  earth-pncssune  makes  with  a  normal  to  the  back  of  the  wall. 
X  "  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 
h  —  the  vertical  height  of  the  wall  in  feet. 
d  *  the  width  of  the  base  of  the  wall  in  feet. 
b  »  the  distance  from  the  center  of  the  base  to  the  point  where  the  resultant  pressure,  JS,  cuts 

the  base. 
P  «  the  resultant  earth-pressure  per  foot  of  length  of  wall, 

E  —  the  resultant  of  the  earth-pressure  and  the  weight  of  the  wall.  -^ 

w  *  the  weight  of  the  filling  \viT  cubic  foot. 
W  ^  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 
pi  —  the  pressure  on  the  foundation  due  to  direct  pressure. 
pf  ••  the  pressure  on  the  foundation  due  to  bending  moments. 
p  —  (he  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 
y  •■  the  d;'pth  uf  foundation  below  the  earth  surface. 

Calculation  of  the  Pressure  on  Retaining  Walls. — To  fully  determine  the  pressure  of  the 
filling  on  a  retaining  wall  it  is  nccessar>'  that  the  resultant  of  the  pressure  Ik  known  (a)  in  amount, 
(*)  in  line  of  action,  and  (c)  in  point  of  application.  Many  thc^Jriea  have  been  proposed  for 
finding  the  pressure,  each  differing  somewhat  as  to  the  assumptions  and  results.  All  theories 
for  the  design  of  retaining  walls  that  have  any  theoretical  basis  come  in  two  clasacs:  (l )  the  l"hcory 
of  Conjugate  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine's  Thcorj',  and  (2) 
the  Theory  of  the  Maximum  Wedge,  probably  first  pro(X>sod  by  Coulomb,  and  commonly  known 
as  Coulomb's  Th**tiry.  Rankine's  Theory  determines  the  thrust  in  amount,  in  line  of  action,  and 
in  point  of  application.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
Kae  of  action  and  point  of  application  must  be  assumed,  thus  leading  to  numen>us  ftolutiotu  of 
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more  or  less  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  applied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surcharge,  as  is  given 
by  l^nkinc;  but  the  resultant  is  assumed  as  making  angles  with  a  normal  to  the  back  of  the 
wall  \*ary!ng  from  zero  to  the  angle  of  repose  of  the  fdling.  In  Rankine's  solution  the  resultant 
pressure  i-*  paralh.'!  to  the  plane  of  the  surcharge  for  a  vertical  wall  with  a  level  or  positive  surcharge. 

(i)  RANKINE'S  THEORY.— In  this  theory  the  filling  is  assumed  to  consist  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  by 
friction  on  each  other;  the  mass  being  of  indefmite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  tn  the  mass  arc  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  eriual  to  the  angle  of  internal  friction,  and  (6)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  tht'se  laws  have  been  verified  by  experiments  on  semi- 
fluids.  Ranfcine  dc*luccd  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  5.  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructing  the 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  Design  of  Walls,  liins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

Rankine's  Formulas. — ^With  a  vertical  wall  and  a  horizontal  surcharge,  Fig.  i>  the  total 
resultant  pressure  is 

sin  ^ 


P  =  JtwA" 


1  +  sin  ♦ 
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where  u<  is  the  weight  of  the  filling  in  lb.  per  cu.  ft.,  h  is  the  depth  of  the  wall  in  feet,  tft  is  the  angle  j 
of  repose  of  the  filling,  and  F  is  the  resultant  pressure  on  ihc  wall  in  pounds.    The  resultant 
pressure,  P,  will  be  horizontal.- 


Fig.  I. 


For  a  vertical  wall  with  surcharge  at  an  angle  a,  Fig.  a,  the  pressure  is  given  by  the  formula 

cos  8  —  Vcos"  5  —  cos^  ^ 


P  -  }w-&*-cos  A 


cos*  +Vcos'5  —  cos"^ 


Where  6  is  equal  to  0,  formula  (s)  becomes 

P   »    \W'k*COS^ 


(a? 


veil 


The  resultant  pressure,  P,  is  parallel  to  the  inclinf^d  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surcharge  (many  authors  have  incorreclly  assumed  that  the  resultant  pressure  is 
always  parallel  to  the  top  surface  of  the  surcharged  filling). 

Inclined  Retaining  Wall. — The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress — see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


COULOMB'S  THEORY. 

The  pressure  oo  an  inclined  retaining  wall  may  also  l>c  calculated  by  n)cans  of  the  graphic  solutWII 
shown  in  Fig.  3  if  the  direction  of  the  thrust  Iio  known.  From  Rankinc's  theory  we  know  that 
the  resultant  pressure  on  a  vertical  retaining  wall  is  always  parallel  to  the  top  surface  where  the 
jtnrcharge  is  level  or  i«  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
inclined  away  from  the  filing  may  then  be  calculated  as  follows: 


Fig.  3.    Pressure  on  an  Inclined  Retaining  Wall. 


In  Fig.  3  the  retaining  wall  A  CDB  sustains  the  pressure  of  a  filling  having  an  angle  of  repose 
4i  and  s|(.»ping  up  away  from  the  top  of  the  wall  at  an  angle  0.  Calculate  P'  the  pressure  on  the 
plane  E-B  by  means  of  formula  (3).  P'  acts  at  a  point  \EB  above  B  and  is  parallul  to  the 
top  surface  DE.  Let  the  weight  of  the  triangle  of  filling  DBE  be  C,  which  acts  through  the 
center  of  gravity  of  the  triangle  and  intersects  P*  at  point  0.  Then  Pf,  the  resultant  of  /*' 
and  G,  will  be  the  resultant  pressure  at  O,  and  makes  an  angle  z  with  a  normal  to  the  back  of  the 
wall,  and  an  angK-,  X  =  *  +  s  —  00*  with  the  horizontal. 

{2)  COULOMB'S  THEORY.— In  this  theory  it  is  assumed  that  there  is  a  wedge  having 
the  wall  as  one  side  and  a  plane  called  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  of  the  wall.  It  may  coincide  with  thu  plane  of  rcp«»sc.  For  a  wall  without  surcharge 
(borixontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  bisects  the  angle 
between  the  plane  of  ivjjose  and  the  back  of  the  wall.     This  theor>'  docs  not  determine  the  direc- 

of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 

lure. 

Algebraic  Method. — In  Fig.  4.  the  wait  with  a  heitiht  h,  slopes  toward  the  earth,  being  in- 
clined to  the  horizontal  at  an  angle  B,  and  the  earth  has  a  surcharge  with  slope  6,  which  is  not 
greater  than  ^,  the  angle  of  repose.  It  is  requiR'd  to  find  the  pressure  P  against  the  retaining 
wall,  It  being  a^umcd  that  the  resultant  pressure  makci»  an  angle  s  with  the  Uick  of  the  wall. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
Hue  A  E,  will  pro<luce  the  maximum  pressure  on  the  wall  and  on  the  earth  below  the  plane,  and 
(hat  in  turn  the  prism  will  l>c  supported  by  the  reactions  of  the  wall  and  the  earth.  Let  OW 
represent  the  nright  of  the  prism  ABE,  the  length  of  the  prism  liemg  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  widl.  and  OR  |»e  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  will  Iw  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
will  therefore  be  components  of  OW.     When  the  prism  A  BE  is  just  on  the  point  of  moving  OP 
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(nil  make  an  angle  with  a  normal  to  the  back  of  the  wall  equal  to  m  (diffemit  authorities  assume 
values  of  z  from  zero  to  0',  the  angle  of  frictioa  of  earth  on  masonry,  or  ^,  the  angle  of  repose  of 
earth);  while  OR  will  make  an  angle  with  the  normal  to  the  (rfane  ci  rupture  AE  equal  to  ^. 
Let  P  represent  the  pressure  OP  against  the  wall,  W  represent  the  weight  of  the  prism  oi  earth, 
and  w  the  weight  per  cu.  ft. 


/ 


In  the  triangle  OWR  angle  WOR  =  x  —  *,  and  angle  ORW  ^0  +  ^+s  —  x.  Through  E 
draw  EN,  making  the  angle  AEN  =  ff  +  ^  +  s-x  with  AE>  Then  the  triangle  AEN  is 
similar  to  triangle  ORW,  and 


P       EN  .         ^      ^EN 

W^lN^        and         P-'W-^ 

But  Tf  equals  warra  triangle  ABE  =  \w'AB-BE-^n  {9  —  5),  and 

ABBE'EN 


P  =  Jwsin  {6  -  ») 


AN 


(4) 


Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  x,  which 
may  be  found  by  diflfercntiating  (4)  and  placing  the  result  equal  to  zero. 
Differentiating  and  substituting  tn  (4)  and  reducing  we  have 

sin*  {e  -  4>) 


P  =  Iwh* 


sin' 0- sin  {$  +  z) 


('+V 


sin  (z  +  0)-sin  (^  —  i) 


81  n 


+  s)-sin 


(»-g)V 
(0-6)} 


which  is  the  general  formula  for  the  pressure  on  a  retaining  wall. 

Now  if  2  in  (5)  is  made  equal  to  ^',  the  angle  of  repose  of  earth  on  the  wall, 

sin*  (0  -  *) 


P  «  iwh* 


sin»..sin(.-f  ^0  (  I  +  V^'"  ^It^'"^  L^  "liy 
\  V  sm  (0  +  ^)-sm  {$  —  h) / 


(5) 

(6) 
(7) 


which  is  Cain's  formula  (20)  in  another  form. 
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If  <  in  (5)  U  made  equal  to  6,  and  6  made  equal  to  90' 


P-  iw*« 


cos*  ^ 


COS  i 


(■W 


(♦  +  4)-sin(«-4) 


cos*  S 


which  h  Rankine's  formula  (2)  in  another  form. 
U  t  in  (j)  is  made  equal  to  zero, 

D       t^    ., sin*  {$  -  ») 


L. 


/              /5in»-sin  (<ft  -  fl)\« 
Bin'  d(    I  +  V  -^ — 2 — ' — 72 TT  I 

\  \  Sin  0-&in  [6  —  i)  J 


If  i  in  (10)  =  o' 


{•W 


which  gives  the  normal  pressure  on  a  wall. 
H  If  0  in  (9)  -  90^ 


sin  ^'ftin  (^  —  B) 


cos  i 


)• 


i>  -  |«fA> 


cos*  4 


(I  +  sin  ^)> ' 

-iw-MtanM45"-|^) 
I  —  sin  ^ 
I  +stn* 


=  iwh* 


(8) 


(9) 


(10) 


(la) 


which  is  Rankine*s  formula  (l)  for  a  vertical  wall  without  surcharge. 

Graphic  Method. — If  the  angle  x,  the  angle  Ix-twecn  the  back  of  the  wall  and  a  normal  to 
the  wall,  ia  knuwn,  the  resultant  preMure  on  a  wall  may  be  calculated  by  u  graphic  method, 
Fig-  5.  based  on  the  "theory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will  be 
described— the  proof  of  the  method  is  given  in  "The  Design  of  Walls,  Bins  and  Grain  Elcvatora." 


^S^S^ 


^ 


kx?"-^^/ 


c 

Fio.  5. 


In  Fig.  5  the  retaining  wall  AB  suatains  the  pressure  of  the  filling  with  a  surcharge  5  and 
an  angle  of  repose  0.     It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  solution  is  as  foUaws:  Through  B  in  Fig.  5  draw  BM  making  an  angle  with  BF, 
the  normal  to  AD,  equal  to  ^  »  0  +  s  —  90**,  the  angle  that  P  makes  with  the  horixontal.     With 
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diameter  AD  describe  arc  A  CD,  Draw  MC  normal  to  AD  and  with  A  as  a  center  and  a  radius 
A  C  describe  arc  CN.  Then  AN  =  y,  i4JW  =  i  and  y  =  •^^.  Draw  EN  parallel  to  BM, 
With  iV  as  a  center  and  radius  EN^  describe  arc  £5.  Then  AE  i%  the  trace  of  the  plane  of 
rupture,  and  P  —  area  SEN-w. 

Cain's  Fonnulas.* — Professor  William  Cain  assumes  that  the  angle  z  ia  equal  to  ^',  the 
angle  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5)  we  have  for  a 

Vertical  WaU  WUh  Levd  Surface,  a  =«  o. 


where 


'  \»  +  1/  cos*'  ^  ^' 


^/sin  (»  -|-»')-sin» 
If  *  =  *',  then  n  —  1/  2  sin  *,  and 

(l  4-  sin  «V^2)« 
If  0'  =  o,  then 

P-itcr.A».tan»(45"-7)^  dS) 

Kw/tcai  WaU  WUh  Surcharge  -  «. 

where  _^ , 

Vsin  (»  -f  00- sin  (»  -  g) 
cos  «''COS  h 

If  a  «  «, 

P  =  J..A.^  (17) 

If  *'  =  o,  and  5  =  *, 

P  -  JwA«-cos»*  (18) 

Inclined  WaU  With  Horizontal  Surface. 


»      1.    » /  sin  (g  "  *)  \«  I  ,    . 

^=^*^-^'i(«  +  i)sing)    sin  (*'+<?)  ^'^^ 


where 

n 


Vsin  (*  +  ^Q-sin  » 
sin  («'  +  ff)-sinff 

7»c/«»«rf  PFotf  W'i/A  Surcharge  =  «. 

„      ,      ,♦/   sin  (g  - «)  \*  I ,^x 


where 


VsinJ*  +  *')-sin  {<t>  —  3) 
sin(«'+g)-sin  {0  -5) 


Wall  With  Loaded  Filling. — In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  hi  by  dividing  the  loading  per  sq.  ft.  by  w.  Let  h  +  hi  —  H.  Then  the  resultant 
pressure  for  a  wall  with  height  //,  will  be 

P,  =  Iw'IPK  (21) 

and  the  resultant  pressure  for  a  wall  with  height  hi,  will  be 

Pi  «  \whi*'K  (22) 

*  Professor  Rcbhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Ftg.  5. 
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TIk  pressure  on  the  wall  A  D  will  be 


and  the  point  of  application  is  through  the  center  of  grav-ity  of  ADGE,  which  makes 

H  +  A, 


yi-J 


(24) 


ht*  Loading  p€r  s^ft^  W 


I 
I 


Fig.  6. 

Walls  With  Negative  Surcharge. — For  the  calculation  of  the  pressures  on  retaining  walls  with 
negative  surcharge,  i  negative,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators,*' 
second  edition. 

STABILITT  OF  RETAI5I1TG  WALLS.— A  retaining  wall  must  be  stable  (i)  against 
overturning,  (2)  against  sliding,  and  [5)  against  crushing  the  masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  having  the  same 
angle  of  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
that  for  which  the  wall  is  built. 

1.  Overturning. — In  Fig.  7,  let  P,  represented  by  OP*,  be  the  resultant  pressure  of  the  earth, 
and  W,  represented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
Et  represented  by  OR,  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 

Draw  OS  through  the  point  A.  For  this  condition  the  wall  will  be  just  on  the  point  of 
overturning,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
itx  B  ^OR  will  be 

/.  -  SWIRW  (as) 

2.  Sliding. — In  Fig.  7  construct  the  angle  //i  G  equal  to  ^',  the  angle  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  1,  and  takes  the  direction  OQ,  the  **all  will  t>c  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding,  /.,  will  be  unity.  For  £  =  OR^  the 
factor  of  safety  against  sliding  ^%ill  be 

/.  =  QM'IRU  (a6) 


Retaining  walls  seldom  fail  by  sliding. 

The  factor  of  safety  against  sliding  ts  sometimes  given  as 


/.  «  j^  tan  ♦'. 


(a?) 


where  TJ  is  the  horizontal  component  of  P,     Equations  {26)  and  (27)  give  the  wme  values  only 

where  the  rvKulUnl  P  in  horizontal. 

3.  Crushing.— In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F^  which 
luces  a  uniform  stress,  ^1  ■■  Ffd^nvcr  the  area  of  the  base,  and  a  landing  moment  «  F-b, 
'.h  produces  compression,  pt,  on  (he  front  and  tension,  pt,  on  the  back  of  the  foundation. 


232 


RETAINING  WALLS. 


Chap.  V. 


The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum  of  the  compressive  stresses, 
«  ipfd.  These  stresses  act  as  a  couple  through  the  centers  ctf  gravity  of  the  stress  triangles  on 
each  side,  and  the  resisting  moment  is 

M'  ^\pi-d-ld--lpt'd^  (28) 


Vr- 


Tt 

I 

Fig.  7. 
But  the  resisting  movement  equals  the  overturning  moment,  and 


ff'*^ 


B 


_*     X  or  t*-?aM  I 


Fig,  8. 


ip,'d*  «  i^-6, 


and 


6b/d) 


(29) 


C30) 


The  total  stress  on  the  foundation  then  is 

p  ^  Pi  ^  Pt"  pi{i  •■ 

Now  if  6  =  id,  we  will  have 

p  =  2pi,     or    o. 

In  order  therefore  that  there  be  no  tension,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  the  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compression  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
will  equal  the  area  of  the  diagram. 

p  =  h-a 

and 

2F 

P--  (3.) 

which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tension. 

General  Principles  of  Design. — The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filfing,  the  angle  of  internal  friction  of  the  filling, 
the  surcharge,  and  the  height  and  shape  of  the  wall.    The  resisting  moment  depends  upon  the 
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weight  of  the  masonry,  the  width  of  the  foundation,  and  the  cross-section  of  the  wall.  The  most 
economical  sectioi^  for  a  masonry  retaining  wall  is  obtained  when  the  back  slopes  toward  the 
filling.  In  cold  localities,  howev'cr,  thU  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walU  with  a  slight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  ^  in.  to  I  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
vail  at  the  base  by  adding  a  projection  to  the  front  side.  Wlicre  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  liasc  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall.  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  ah  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  wa\U  great  care  must  be  exercised  u\  selecting  the 
proper  values  of  tc  and  ^,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  preceding 
diacussion  that  the  value  of  the  thrust  increases  \xry  rapidly  as  ^  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carr>nng  a  railroad  track,  buildings, 
or  other  loads,  a  proper  allow-ance  must  Ik*  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  depomted  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
footing,  and  *'wcep-holcs"  should  l>e  provided  near  the  bottom  of  the  wall  at  frequent  inter\'als 
to  allow  the  filter  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  ic  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  w^W.  The  filling  in  front  of  the  wall  sliould  also  be 
carefully  drained. 

The  permissible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend  upon  the  nuterial  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
solid  rock  or  the  wall  is  on  piles  driv-en  lo  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  K-all, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  setllemcnc  is  excessive.  Where  extended  footings  arc  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  looting  in  tine  with  the 
face  of  the  wall. 

Pbin  masonry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  cither  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  inter\*aU  in  the  cro<3s- sect  ion  uf  the  wall,  fastenefl  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  l>ack  of  the  expansion  joints  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  al>out  30  in.  wide, 
and  the  pitch  and  the  burlap  bhould  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  l>e  from  4  to  i  of  an  in.  in  width,  and 
should  be  formetl  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
oyacrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coating.  The  most  Mtisfactory  waterproof  coating  known  to  the  author  is  a  ccjal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  pnjportions  of  16 
parts  refined  coal  Ur,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.     The  Portland 
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cement  and  keroaene  sfaoold  be  tmxtd  tbtxoagfdj  aad  the  ami  tsrthea  added.  Im  cold  vcatber 
the  cool  tar  may  be  heated  aad  adcfitioaai  knoaejie  added  to  take  ^■■■mii  of  the  eraporatioa. 
This  point  not  only  corvcn  the  surface  but  mmhmM  vxth  it,  so  that  two  or  three  ants  are  some- 
times required.  While  the  sorCace  o£  the  cooLxete  shooki  be  dry.  coal  car  poioC  will  adhere  to 
moist  or  wet  concrete.  In  buxkling  recaimng  walls  in  aectioDs*  the  end  of  the  fe'^^fc*^  sectioo  sbouU 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  sectioo. 

For  methods  of  waterproofing  maaoory,  see  nirthiwls  ai  waieipiuofeag  bcidgie  floors  in  Chap- 
ter FV.  

DESIGir  OF  RETAnaSG  WAULS.— The  design  ai  masonry  retaining  waDs  win  be 
iDustraced  by  the  design  of  the  retaining  walk  £or  West  Alameda  ArenxK  Sobway,  taken  from 
the  author's  **The  Design  of  WalK  Bii»  and  Grain  Elrrators,''  second  ofitiaix. 

DesgB  of  Retainnig  WaDs  for  Vest  AInmeda  Artamt  SnSbrntft  0c«rer,  Colondou— The 
he^t  of  the  waHs  Taried  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact 
gravel  to  a  mushy  day.  The  des^n  of  the  majdmom  section,  which  rests  on  a  compact  gravel, 
win  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  port  Portland  rrnimt,  3  parts  sand 
and  5  parts  screened  graveL  Crocfcer  and  Krtrhnm,  Denver,  Cokx,  were  the  coosoking  engineersL 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  We^fat  of  concrete,  150  Ih.  per  en.  H.;  we^ht  of 
filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  i|  :  i  (^  =  33"  40O;  sorcharge,  600  lb. 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maTimnm  load  on  fonndatino,  6,000  lb.  per  sq.  ft. 

Sofaitioo. — ^After  several  triab  the  following  dimensaons  were  taken:  WiKlth  of  coping  2  ft. 
6  in.,  thirlmrfHM  of  coping  I  ft.  6  in.,  batter  of  face  of  waU  |  in.  in  12  in. ,  batter  of  back  of  waU 
3)  in.  in  12  in.,  width  of  base  15  ft.  2{  in.  (ratio  of  base  to  height  »  0152),  front  projectiott  cf 
base  4  ft.,  other  dimensions  as  dxown  in  Fig.  9^  The  calcnlataoos  were  made  for  a  section  of  the 
waU  one  foot  in  lei^th. 

The  property  back  of  the  waD  win  probably  be  used  for  the  storage  of  coal,  etc,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  walL  The  resultant 
pressure  of  the  filling  on  the  plane  A-^  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  to  be  P'  —  17^290  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wan  is 
W  ">  16,435  lb.,  acting  through  the  center  of  gravity  of  the  fil&ng.  The  resultant  of  F*  and 
W  is  P  =  23,850  lb.  =■  the  resultant  pressure  of  the  filling  on  the  back  of  the  walL  The  weight 
of  the  masonry  is  W  ^  33.144  lb.,  acting  through  the  center  of  gra\-it>-  of  the  waU,  and  the  re- 
sultant of  P  and  W  is  E  =  52,510  lb.  =  the  resultant  pressure  of  the  waU  and  the  filling  upon 
the  foundation.  The  vertical  component  of  £  is  F  =  49.580  lb.,  and  cuts  the  fouixiation,  b  =  2.1 
ft.  from  the  middle. 

I.  Stability  Against  Oueriuming. — The  line  OD  in  this  case  is  nearly  paralld  to  the  line  QW 
which  brings  the  point  S  in  F^.  9  at  a  great  distance  from  the  point  W.  The  factor  of  safety 
against  overtumiag  was  calculated  on  the  original  drawing  and  found  to  be  /•  >  25. 

3.  Stability  Against  Sliding. — ^The  coefficient  of  friction  of  the  masonry  on  the  footing  ynH 
be  assumed  to  be  tan  ^'  —  0.57  and  *'  =  30".  Through  O,  Fig.  9,  draw  OQ,  cutting  the  base  of 
wall  5A  at  6.  and  making  an  angle  ^'  =  30°  with  a  \-ertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  wiU  be 

/.  =  QXriRM  «  2.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  wiU  increase  the  resistance 
against  sliding. 

3.  Stability  Against  Crushing. — In  Fig.  9  the  direct  pressure  wiU  be  pi  ^  49.580/15.21 
—  3,220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
pt  ^  ^  6F'bfd*  *"  *  (6  X  49.580  X  2.i)/23i.4  «  *  2,700  lb.  per  sq.  ft.,  and  the  maximum 
pressure  is 

P  «=  3,220  +  2.700  =  -1-  5,920  lb.  per  sq.  ft- 
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Aod  the  minimum  pressure  is 

p  —  3,320  —  3,700  »  +  520  lb.  per  sq.  ft. 

The  allowable  pressure  was  6,000  lb.  per  sq.  ft.,  so  that  the  prvssure  is  safe  for  a  compact  gravel. 
Where  the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
the  footing  on  the  front  side  and  to  bnng  the  resultant  F  to  the  center  of  the  wall. 


..y. 


/ 


„     ,,^  "       "  ConcrtUfSO  **    "     *   ' 


P'^^9ra 


Fig.  9.    Retaining  Waix,  West  Alameda  Avenue  Subway. 

4,  Upward  Pressure  on  Front  Projection  of  Foundation. — Where  projections  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessar>'  to  reinforce  the  l>ase  to  prevent  the  projection 
breaking  off  in  line  with  the  fa<;e  of  the  wait.  The  bending  moment  of  the  upward  pressure  about 
the  front  face  of  the  wall  from  Fig.  9  is 

M  =  J(5.930  +  4,120)  X  4  X  a.i  X  13 
B  506,000  in-lb. 

The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be  • 

/  «  M'c(T  -  M-d/2l  -  (506,000  X  37)/i57r464 
-  88  lb.  per  sq.  in. 

Since  the  ultimate  strength  of  the  concrete  in  tension  is  approximately  200  lb.  per  aq.  in., 
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TABLE  I!. 


tf***-^*** 

• 

M««»k.                                  *           1 

..■3  «.  ..-s 

Cat 

Gnrti 

;    Ifcltf.  »*r. 

Q^€t^ 

jc^»4r 

TABLE  in. 


'                                                                 Vi-rTi- 

FtrvMn  ■  T^  per  S«.  Ft. 

V-r:  -Ji/                                                    

1 1 J  a 

'V-:;:!,!.-''  -riT  a-.'  i-^  li-;-:  r  t--i  »-.*•  r.s'-- 

iwj 

Z/-7-  u -1-:  i.tii  '.i^r 

Hi'-  '-a  r  i.-ut  -f.-^L  :r_irK  tizii    

/  :rs..  vA-'irt  tij:*!  li.;  r-iTti 

6r.-8 

t  SSi^ri  r  v.x    . 

15  aadvp. 

T.\BLE  IV. 


S^uenj. 

Pn»cre  a  Too*  per  Sq.  Ft. 

r,.^-^^  .^.-^  ?.--:jr-i  -jt=jei:  r.-.-ir 

11 

?*T-y  -.'.-£,  J'-.r-  s-.;  'jcrrjnt  -^-r-jr 

■5 

>;.--'•,'**  r. !.!.-.•: r:--.  ?-,rT-4- ;  ttmn*  ^-iriir 

12 

tactiv.ri*    T  -i-  -^.ti  r-iv-crr . 

30 

i^ructV-'-'f   - rr  --1.U  --ucn.-r 

15 

Orii -.»  r -I-  -.ti!  r-tv^-rr 

50 

P-jT-Jvi  -.r-jr-.'  v.r.:rr"*.  I-1-* 

25 

P'jrJArji  --rr.*nt  -_',c:re*js.  i-t-^          

20 

Maledals. 


Sandstone 

LimestOQC 

Trap 

Marble 

Granite , . 

Paving  brick,  Portland  cement.  . 
Stone  concrete,  Portland  cement. 
Cinder  concrete,  Portland  cement 


Weifihi  in  Poubds 

Specific  Gravltv. 

Cruatilni:  Strength  In 

per  Cubic  Foot. 

150 

li 

4,000  to  15,000 

160 

6,000  to  20,000 

180 

2.9 

19,000  to  33,000 

i6s 

2.7 

8,000  to  20,000 

l6s 

2.7 

8.000  to  20,000 

150 

2.4 

2,000  to    6,000 

140  to  150 

2.2  to  2 

•4 

2,500  to    4,000 

112 

1.8 

1. 000  to    2,500 

TABLE  VI. 
Weight  of  Different  Materials. 


MauriaU. 

Wi.  per  Cu.  Ft.,  Lb. 

Materials. 

VVi.  per  Cu.  Ft..  Lb. 

Loam,  loose 

75  to    90 
90  to  100 

90  to  1 10 

Sand,  wet 

no  to  uo 
1 20  to  135 

105  to  120 

Loam,  rammed 

Gravel 

Sand,  dry 

Soft  flowing  mud 

For  specifications  for  concrete,  plain  an<!  reinforced,  see  Chapter  VI. 

EXAMPLES  OF  RETAimNG  WALLS.— Details  of  six  masonry  retaining  waits  with  a 
gravity  section  arc  given  in  Fig.  10.  These  retaining  walls  represent  the  best  practice.  Details 
of  four  reinforced  concrete  retaining  walls  are  given  in  Fig.  II.  For  additional  examples  see 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 

The  contents  of  standard  concrete  retaining  walls,  as  designed  by  the  Illinois  Central  Roil* 
road,  arc  given  in  Fig.  12. 

Concrete  Retaining  Walls.  Methods  of  Constructing  Fonns. — Forms  for  a  retaining  wall 
may  be  built  in  sections,  or  may  be  built  up  each  time  they  arc  used.  The  former  method  is 
much  the  cheaper,  especially  for  plain  concrete  walls  where  the  sections  between  expansion  joints 
are  of  equal  length..  Tlie  forms  used  on  the  C.  U.  &  Q.  R.  K.  walls  shown  in  Fig.  13  arc  shown 
in  Fig.  14.  The  studs,  coping  and  bottom  forms  for  the  face,  and  the  back  forming  are  sectional^ 
while  ordinary  sheeting  is  used  between  the  coping  and  bottom  forms.  No  attemj^t  was  made 
to  u«c  sectional  forma  on  the  face  of  the  wall,  because  the  sections  soon  become  badly  warped, 
making  a  rough  wall.  The  concrete  had  a  tendency  to  lift  the  forms  and  they  were  lied  to  bars 
imbedded  in  the  footings  as  shown.  The  sectional  forms  were  12  ft.  o  in.  long,  while  the  studs 
were  spaced  3  ft,  o  in.  center  to  center. 

The  ft>rnis  for  the  Illinois  Central  R.  R.  retaining  wall  shown  in  Fig.  10  are  shown  in  Fig.  15. 

The  forms  were  built  in  sections  54  ft.  long.     The  forma  were  cross-braced  by  J  in.  rods  spaced 

ft.  8J  in.  center  to  center  as  shown.     When  the  forms  were  taken  down  the  ends  of  these  rods 

?re  unscrewed,  the  main  portion  of  the  rod  being  left  in  the  wall.     The  forma  were  made  of 

3  in.  plank  surfaced  on  the  inside. 

The  forms  used  by  the  Chicago  and  Northwestern  Ry.  on  track  elevation  in  Chicago  are 
•hown  in  Fig.  16.  The  forms  were  built  in  sections  35  ft.  long.  The  2  in.  X  8  in.  braces  were 
used  to  hold  the  sides  of  the  forms  apart  and  were  removed  as  the  concrete  was  put  in  place.  The 
2  in.  pipe  uv^  to  cover  the  rod  bracing  was  old  boiler  flues  and  rcjtTtefl  pifxr. 

Incredienti  in  Concrete. — The  proportions  of  concrete  materials  should  be  stated  in  terms 
of  the  volume  of  the  cement.  The  volume  of  one  barrel  or  four  itags  of  cement  is  taken  as  3.6 
cu.  ft.,  and  the  sand  and  aggregate  are  measured  loose.  Concrete  mixed  one  part  cement,  3  parts 
sand,  and  4  parts  stone  is  commonly  called  t  ;  2  ;  4  concrete.     The  proportions  should  be  such 
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(I)  PehN'AvE' Subway  Retainins  Vifyuj.     f2j  N-y-C-^f/^P-P-fi-PETA/mNG  Wall 


(4)  West  Alameda  Avenue  Subway 
Retaining  Wall 

'^W T 


(5)lLUN0!s  Central  R^R-Reta/n/ng  H^u 


^^i 


^  OB'&Q'RR'Retaiwng  Wall 

Fio.  10.    Examples  of  Masonry  Retaining  Walls. 


bars- 


0-62^^-  .'-^i'^^^^ 


'/^Akvr^lre 


(6)  Kansas  C/ty  Terminal  RMLmY 
Retaining  Wall 
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iLUNois  Central  R-R-  Corruqated  Bar  Co^ 

Examples  or  Reikforced  Concrete  ReTAtNiNr.  Walls. 
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that  there  should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  than 
enough  mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  from  40  to  45 
per  cent,  the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where 

c  —  number  of  parts  of  cement; 

s  =  number  of  parts  of  sand; 

g  =  number  of  parts  of  gravel  or  stone. 


Then 


II 


ss  p  ss  number  of  barrels  of  Portland  cement  required  for  one  cm.  yd.  concrete. 


c  +  5  +g 
*- ^^  =  number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 


27 


^  — —  —  number  of  cu.  yd.  gravel  or  stone  required  for  one  cu.  yd.  concrete. 
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Fig.  12.    Contents  of  Concrete  Retaining  Walls,  Illinois  Central  Railroad. 


The  materials  for  one  cu.  yd.  of  i  :  2  :  4  concrete  will  then  be:  Portland  cement  1.57  barrels, 
sand  0.44  cu.  yd.,  gravel  or  stone  0.88  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  i  :  2^  :  5  to  i  :  3  :  6,  while  the  pro- 
portions for  reinforced  walls  vary  from  i  :  2  :  4  to  i  :  2J  :  5. 

Mixing  and  Placing  Concrete. — For  mixing  concrete  a  batch  mixer  in  which  the  materials 
can  be  definitely  proportioned  and  thoroughly  mixed  is  to  be  preferred.  In  cold  weather  the 
concrete  materials  should  be  heated  by  the  addition  of  boiling  water  to  the  mixer.  To  prevent 
scalding  the  cement  the  sand,  aggregate  and  hot  water  should  first  be  placed  in  the  mixer  and, 
after  giving  it  several  turns  to  remove  the  frost,  the  cement  should  be  added  and  the  mixing 
completed. 

The  author  uses  the  following  specifications  for  placing  concrete  in  cold  or  freezing  weather. 
"When  the  temperature  of  the  air  during  the  time  of  mixing  and  placing  is  below  40*  Fah.  the 
water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature,  that  the  temperature 
of  the  concrete  when  deposited  in  the  forms  shall  not  be  less  than  60**  Fah.  Care  shall  be  used 
not  to  scald  the  cement." 

Where  the  wall  is  in  a  cut  and  the  materials  can  be  delivered  on  the  bank,  the  mixer  may  be 
installed  on  the  bank  above  and  the  concrete  wheeled  or  chuted  to  place.  Concrete  should  not 
be  chuted  in  freezing  weather.     In  building  the  West  Alameda  Avenue  Subway  retaining  walls, 
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Den\'er,  Colo.,  the  gravel  and  sand  were  taken  from  the  cut,  the  concrete  was  mixed  in  mixers 
installed  at  the  fuot  of  movable  towers,  and  the  concrete  was  raised  in  a  skip  elevator  and  chuted 
into  place. 

On  railroad  work  the  mixer  may  be  mounted  on  a  flat  car,  the  materials  may  be  delivered  on 
Other  can,  and  the  concrete  is  dumped  or  chuted  directly  into  place. 


Fig.  13.     Retaining  Wall,  C.  B. 
&  Q.  R.  R. 


Fig.  14.    Forms  for  Retaining  Wall,  C. 
B.  &  Q.  R.  R. 
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SPKCrnCATIONS  FOR  CONCRETE  RETAINING  WALLS.— The  following  extracts 
have  been  taken  from  the  specifications  prepared  by  Crocker  and  Ketchum,  Consulting  Engineers, 
for  the  concrete  retaining  walls  for  the  West  Alameda  Avenue  Subway,  Denver,  Colo. 

16.  MATERIALS.  Cement — The  cement  shall  be  furnished  by  the  Companies  on  board 
cars  or  in  store  houHi*s  at  the  site  of  the  work  as  required.  The  cement  shall  be  Portland,  and 
•hall  meet  the  requirements  of  the  Standard  Specifications  of  the  American  Society  for  Testing 
Materials. 

17.  Concrete  Aggregate. — The  fine  aggregate  shall  pass  a  screen  with  J  in.  mefh,  while  the 
coarse  aggregate  shall  all  be  retained  on  a  screen  with  \  in.  mesh  and  all  shall  pass  a  screen  with 
3  in.  mesh.  The  sand  and  i^ravel  shall  be  obtained]  from  the  ejtcavation  of  the  open  cut  of  the 
Subway.  The  Consulting  Knginoors  reserve  the  right  (o  change  the  prnp<^trtions  of  sand  and 
acrccned  gravel  (5  34  and  5.15)  fmm  lime  to  time,  as  may  be  necessary  to  secure  a  dense  concrete 
of  dcffired  consistency.  Payment  tn  the  Contractor  for  the  screening  will  be  made  on  the  basis 
of  unit  pfire  per  ciihir  yard  of  gravel  measured  after  srncning. 

18.  Water. — ^Thc  water  used  in  mixing  o*ncTete  shall  U;  clean  and  reasonably  clear,  free 
frofil  acids  and  injurious  oils,  alkalies  or  vegetable  matter. 

19.  Lumber. — Lumber  for  forms  shall  have  a  nominal  thickness  of  2"  before  surfacing,  and 
shall  be  of  a  good  (luality  of  Douglas  fir  or  Southern  long  leaf  yellow  pine.  Lumber  used  for 
forms  of  face  work  snail  be  dressed  on  one  side  and  both  edges  to  a  uniform  thickness  and  width. 
Lumber  for  backing  and  other  rough  work  may  be  unsurlaccd  and  of  an  inferior  grade  of  the 
kinds  above  sixxified. 

20.  Reinrorcing  Steel. — All  reinforcing  steel  shall  be  nlain  bars,  and  shall  comply  with  the 
specifications  for  strurliiral  steel  as  given  in  the  Standard  Specifications  of  the  American  Railway 
Engine^rinR  A^'^'k  iatii.n. 

21.  EXCAVATION.^The  subway  is  Iwing  excavated  by  the  Companies  but  the  contractor 
shall  rnakf  all  necessary  excavations  for  wall  and  pedeutal  footings,  and  shall  furnish  all  necessary 
sheeting  and  supports  and  bracing  to  hold  the  forms  in  place  during  the  construction  of  the  work. 
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The  cost  of  the  necessary  sheeting  and  supports  shall  be  included  in  the  unit  price  for  excavation. 
The  Contractor  shall  provide  all  pumps  and  other  equipment  incidental  to  such  cxca^*ation. 

32.  All  excavation  shall  be  measured  in  vertical  prisms  whose  end  areas  are  of  sui&cieat 
size  to  include  the  footing  courses,  and  the  sheeting  surrounding  the  same.  "Wet  excavation" 
shall  include  all  excavation  below  the  surface  of  standing  water  in  open  pits. 

23.  CONCRETE.  Machine  Mixing. — Machine  mixers,  preferably  of  the  batch  type,  shall 
be  used  except  where  the  volume  of  concrete  to  be  mixed  is  not  sufficient  to  warrant  their  use. 
The  requirements  are  that  the  product  delivered  shall  be  of  the  specified  proportions  and  con- 
sistency, and  thoroughly  mixed. 


r 

^ 

^ 

f 


, -^.b.  <>■  Concrete Fooff'ng  oS'^ 


Fig.  15.    Forms  for  Illinois  Central 
R.  R-  Retaining  Wall. 


Fig.    16. 


Forms  for   C.   &   N.   W. 
Retaining  Wall. 


Ry. 


24.  Mixing  by  Hand. — When  it  is  necessary  to  mix  by  hand  the  mixing  shall  be  done  on  water 
tight  platforms  of  sufficient  size  to  accomnuxlatc  men  and  materials  for  the  progressive  and 
rapid  mixing  of  at  least  two  Ixitchcs  of  concrete  at  the  same  time.  Batrhcs  shall  not  exceed  one- 
half  yard.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  aggregate  and  these  mixed  thoroughly  until  of^  an 
even  color.  Then  add  the  coarse  aggregate  which,  if  dr>',  shall  first  be  thoroughly  wet  down. 
The  mass  »hall  then  be  turned  with  shovels  until  thuruughly  mixed  and  all  the  aggregate  covered 
with  mortar,  the  necessary  amount  of  water  being  added  as  the  mixing  proceeds. 

25.  Consistency. — The  material  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  (hat  it  will  Huw  into  the  furms  and  alK)ut  the  metal  reinforcement,  and  which  on  the 
other  hand  can  Iw  conveyed  from  the  place  of  mixing  to  the  forms  without  the  stparation  of  the 
coarse  aggrrgatc  from  the  mortar. 

26.  Retempering. — Retempering  mortar  or  concrete,  i.  e..  remixing  with  water  after  it  has 
partially  set  will  not  be  permitted. 


SPECIFICATIONS  FOR  COXCMrTC  RET.\IXtNG  WALLS. 


I 


I 


I 


water  to  tlw  mix.  doll  be  fauJMj 
,  axkd  uodcr  no  dccviaaUihoi 


rapidly  from  tiK  pftao 
ooocretc  be  bsbq  thst 

28.  TIk  uwirir  Aal  be  ^IqwHifwl  m  each  a  ■■niif  r  as  will  pre^/mt  the  aepaimtaott  of  ibe 
increctienta  and  pennt  tfac  mattt.  thowwujb  onniparring.  It  shall  be  com|Mctcd  by  wtirkuc  witli 
a  MraiKfat  ihovcl  or  dkiac  tooi  keoc  ■^^li■^^  vp  and  dowa  until  all  tb«  ingredients  haw  tttded 
in  their  proper  place,  aad  the  snrpiss  water  v  forced  to  the  suKace.  All  concrete  must  be  de- 
posited in  horiacHMal  laycn  of  naiform  thirfcirw  thrrwubiwit-  Temporary  plankinc  shall  be  placed 
at  ends  of  paniai  byers  so  that  the  ooacrete  ohall  aot  nin  out  to  a  thin  edge.  In  placing  ooocfcte 
it  shall  not  be  dropped  tfaroofh  a  dear  ^»ce  of  over  6  ft,  vertical.  For  greater  heighu  a  tPMigh 
or  other  iiit'aM^  device  mast  be  osed  to  defiver  the  concrete  in  pUoe,  and  in  depositing  each 
batch  this  trough  or  other  device  moat  first  be  carefully  filled  with  concrete  and  then  as  fast  aa 
concrete  is  removed  at  the  but  torn  it  shaO  be  replenished  ac  the  top. 

29.  The  work  shall  be  carried  up  in  ahcraate  sectiooa  of  approximately  31  ft.  in  krngth  as 
shown  on  the  plans,  and  each  section  shall  be  completed  without  intermission.  I  a  no  case  shall 
work  on  a  aectioo  stop  within  t8  in.  of  the  top. 

50.  Before  depositii^  concrete,  the  forms  shall  be  thoroughly  wetted,  except  in  frveiing 
weather,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris.. 

31.  B^paaikm  Joints. — Expansion  joints  shall  be  provided  (sectioos  were  approximately 
32  ft.  long)  as  shown  on  the  plans.  The  »^11  shall  be  constructed  tn  alternate  section)^  the  ends 
of  the  sections  being  formed  by  %'erticat  end  forms,  the  section  being  completed  as  though  it  «Tre 
the  end  of  the  stmcture.  Before  (facing  the  remaining  sections  the  end  forms  shall  be  remowd 
and  the  surface  of  the  concrete  shall  be  painted  with  coal  tar  paint,  composed  of  sixteen  (16) 
pans  coal  tar.  four  (a)  parts  Portland  cement  and  three  (3)  parts  kerosene  oil.  The  expansion 
joints  shall  be  finished  on  the  exposed  »tde  by  the  insertion  in  the  fomis  of  a  metal  mold  tnat  will 

E'vc  a  groove  }  in.  wide,  I  in.  deep  and  shall  have  a  draft  of  I  in.     The  wall  sections  shall  be 
eked  together  by  means  of  bars  as  shown  on  the  plans. 

32.  Forms. — Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  dc«gn.  dimensions  and  contours,  and  so  constnicteii  as  to  (^n.'\-cnt  the  leakage  of 
mortar.  Wliere  comers  of  the  masonry  and  other  projections  liable  to  mjur>'  occur,  suitable 
moldings  shall  be  placed  in  the  angles  of  the  forms  to  round  or  bc\'el  them  off.  Material  once 
used  in  forms  shall  be  cleaned  before  being  used  again. 

33.  The  forms  must  not  be  removed  within  36  hours  after  all  the  concrete  in  that  section 
has  been  placed;  in  freezing  weather  they  must  remain  until  the  concrete  has  bad  sufficient  time 
to  become  thoroughly  set. 

34.  Proportiouing. — In  proportioning  concrete,  a  barrel  or  4  sacks  of  Portland  cement  shall 
be  assumeiJ  to  contain  3.8  cu.  ft.,  while  the  sand  and  gra\'el  shall  be  measured  loose  in  a  measuring 
vessel.     The  proportions  require«-l  for  concrete  arc  as  follows: 

For  footings,  walls  of  retaining  walls,  abutments,  and  pedestals,  one  (l)  part  Portland  cement, 
three  (3)  parts  sand  and  5ve  (5)  parts  gravel.  For  bridge  seats  and  copings,  one  (1)  part  Portland 
cement,  two  (2)  parts  sand  and  four  (4}  parts  gravel. 

35.  The  tops  of  the  bridge  seats,  (Msdestals,  and  copings,  shall  be  finished  with  a  smooth 
surface  composed  of  one  (t)  part  Portland  cement  and  two  (2)  parts  sand  applied  in  a  layer  I  in. 
thick.     This  must  be  put  in  place  with  the  last  course  of  concrete. 

36.  Wtter-Prooflng. — The  expansion  joints  in  the  retaining  walls  and  abutments  shall  be 
water-pnviftMl  as  ffillow*:  After  the  forms  have  been  removed  and  the  concrete  is  thnmuchly 
dried,  the  back  of  the  wall  for  a  distance  of  18  in.  on  each  side  of  the  expansion  joints  shAll  Ik 
mopped  with  hot  refine<i  coal  tar  pitch.  A  layer  of  burlap  shall  then  be  placetl  so  as  to  cover  the 
expansion  mints,  and  the  burlap  shall  be  mopped  with  coal  tar  pitch.  In  the  same  manner  two 
additional  layers  of  burlap  shall  be  applied,  making  a  3-ply  water-proofing, 

37.  Reiiiforcing  Bars. — Reinforcing  bars,  where  usetl.  shall  be  placed  3  in.  clear  from  the 
outside  surface  of  the  concrete,  and  shall  l)c  placed  in  the  position  shown  on  the  plans.  Care 
must  be  taken  to  insure  the  coating  of  the  metal  with  mortar,  and  a  thorough  compacting  of 
concrete  amund  the  bars.     All  reinforcing  bars  shall  be  clean  and  free  from  all  dirt  or  grease. 

38.  Freezing  Weather. — Conrreto  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  prt'cautions  are  taken  to  avoid  the  use  of  materials  containing  frost  or  covered 
with  ice,  and  means  arc  provided  to  prc\Tnt  the  concrete  from  freering.  Where  the  temperature 
of  the  air  during  the  time  of  mixing  and  placing  concrete  is  below  40*  Fahr.  the  water  used  in 
mixing  the  concrete  shall  be  of  such  a  temperature,  that  the  temperature  of  the  concrete  when 
delivered  in  the  forms  shall  not  be  lower  than  60*  Fahr.  Special  precautions  shall  be  taken  not 
to  scald  the  cement. 

39.  Placing  in  Water. — Concrete  shall  not  be  depoutcd  under  water  except  on  the  approval 
of  the  Consulting  Engineers.  Where  water  is  cncounlcnxl  without  current,  but  in  surh  quantity 
that  it  cannot  be  lowered  to  the  required  depth  and  maintained  there,  or  where  such  lowering 
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would  cause  further  difficulty,  concrete  may  be  deposited  through  troughs  or  other  device  in  the 
manner  designated  above. 

40.  Cleaning  Up. — Upon  the  completion  of  any  section  of  the  work  the  Contractor  shall 
remove  all  debris  caused  by  his  operations  and  leave  the  work  ready  for  backfilling. 

REPEREITCES. — For  the  desi2:n  of  reinforced  concrete  retaining  walls,  examples  of  plain 
and  reinforced  concrete  retaining  walls,  details  of  construction,  and  the  theory  of  reinforced 
concrete,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators."  For  a  discussion  of 
the  theory  of  the  pressures  in  granular  materials  and  semi-fluids,  see  Chapter  VIII,  Bins,  and 
Chapter  IX,  Grain  Elevators;  also  see  the  author's  "The  E>esign  of  Walls,  Bins  and  Grain  Ele- 
vators.'* 
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X^HAPTER  VI. 

Brtoge  Abuthknts  axd  Piers. 

rad  of  A  htiigs  «p«n  and  at  tfa« 

roadway.    An  abutneat  abo 

fuceiis  tbe  emDaaKment  inxa  tnc  acour 

A  pier  is  a  stnicttirc  that  sopports  the  cods  of  two  bridge  spaas.  Piers  roust  be  dnifiml 
ao  as  not  to  iaterferc  with  the  flow  of  the  stream,  and  care  mist  be  used  to  prr\Tnt  undctnumnf 
the  pier  by  tbe  scour  of  the  stream. 

TTPSS  OF  ABnTHEIITS.— Masonry  abutments  may  be  classified  umlcr  four  hcttdi^: 
Fig.  I.  U)  straight  or  "stub"  abutments;  (^)  wing  abutmeots;  {<)  I*  abutments:  {4)  T  abutments^ 

(d)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  K.  R.  K.,  siiown  in  Ftg,  I,  is  aa 
excellent  example  of  an  abutment  of  this  t>'pe.     The  earth  fill  is  allowed  to  lluw  anjunU  the 
of  the  abutment  as  shovn.     Straight  abutments  should  not  be  used  mhcrv  the  water  will 
the  fin  away. 

(6)  A  standard  wing  abutment  of  tlie  N.  Y.  C.  &  II.  R.  R.  R.  is  shown  in  Fig.  t.  The  length 
of  the  wint;s  is  determine*)  by  the  width  of  the  roadway,  the  allowable  slope  vf  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  atiglc  that  tbe  wings  make  with  the  face  of  the 
abutment  ordinarily  varies  from  30  degrees  to  45  degrees  for  standard  conditioos.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  %'ariable. 

(c)  A  sUndard  V  abutment  of  the  N.  Y.  C.  &  H,  R.  R.  R.  is  shown  in  Fig.  I.  This  is  ft 
wing  abutment  with  the  wings  making  an  angle  of  90  degrres  with  the  face  of  the  abutment. 
Tbe  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walla  run  buck 
into  the  fill,  which  flo\vs  down  in  front  of  the  wings.  If  the  slniK*  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wings  should  be  extended  fanher  into  the  bank. 

(d)  A  standard  T  abutment  of  the  South  Bend  and  MichiRan  Sjuthcrn  R;iilway  for  s  skew 
•pan  is  shown  in  Fig.  1.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  h\\;  thestem  carries  the  roadway,  supports  the  abutment,  and  prT\TntB  w-uter  (rxim 
finding  its  way  along  the  back  of  the  abutment.  A  T  abutment  may  be  considervd  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABILmr  OP  BRIDGE  ABUTMENTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (1)  against  overturning.  (2)  against  sliding,  and  (3)  against  cruHhing  the  nuitrrial 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  bessentially  the  same  as  the  design  of  a  retaining  wall,  for  which  ace  Chapter  V. 
The  method  of  design  will  be  shown  by  giving  the  calcubtions  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Design  of  Concrete  Abutment  for  West  Alameda  Avenue  Suhway,  Denver,  Colorado.— The 
height  of  the  abutment  is  2i  ft.  6  in.  from  the  Untom  of  the  footing  to  the  top  of  the  bridge  teat, 
ami  as  ft.  o|  ia  to  the  top  of  the  back  wall.  The  following  assumptions  wen*  made:  Weight  of 
concrete,  150  lb.  per  cu.  ft.;  weight  of  filling,  w  »  too  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
li  to  I  (*  -  33°  42'):  ftunrhargc  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  lo.id 
00  founHalinn  6,000  lb.  per  sq.  ft. 

Solution. — After  several  trials  the  dimensions  given  in  Fig,  3  were  taken.  The  stability  of 
the  abutment  was  in\'estiRatcd  for  two  conditions:  (ii)  with  a  fnll  live  and  dead  loail  on  the  bridge 
and  on  the  filling,  and  (6)  with  no  live  load  on  (he  bridge  and  no  nurrharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  iho  bri<lge  from  the  right,  and 
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Chap.VL 
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readwd  tibe  pout  a  u  (ft).  Vtg^  3.    The  vnc^  of  the  ginkn  aad  tht  live  kttd  vu 
■■iformly  (fictribntcd  over  a  lencth  of  the  abmtmemt  cqod  to  the  fiwynnr  betw ecu  trade  oeai 
and  ooc  Uneal  foot  at  wall  mrms  iavcMi^ated. 

Omc  (a).— Tbe  ptrasOT  oC  the  fifi«c  oa  the  pkoe  3-2  was  caicuUtcd  as  in  Chapter  V* 
Fig.  9.  and  '»  F'  ~  14.700  Ib^  actiaK  throogh  the  oentcr  oi  gTa\-ity  of  the  trapcioid  2-3-4-0. 
The  wcii^t  of  the  filling  and  suncfaafge  b  H^t  +  H^s  *  I4<9<^  lb.,  which  when  combined  with  P' 
gives  the  resultant  prcSBore  of  the  filfing  00  the  wall  =«  P  «  20.900  lb.  The  prrssure  P  is  then 
combined  with  the  weight  of  the  wall,  n^  »  29.800  lb.,  and  with  the  dead  load  aiKl  tiw  load 
from  the  girder  «  12.820  lb.,  giving  the  resultant  pressure  on  the  fouodatioii.  £  *  59400  lb., 
and  acting,  ft  «  14  ft.  from  the  center  of  the  wall,  and  F  »  57.500  lb, 

I.  StabiHiy  Against  Overturmimg. — The  resultant  E  is  ncariy  vertical  and  wdl  within  the 
middle  third,  so  that  the  wall  is  amply  sale  against  overturning. 


tk"  5ureharat 
eir-ih      ZOO*"  * 


■C'Smd^  ''^r-srsoo 


p^SMO 


\pm^iWO 


p^49T0 


A^i^ 


^4690 

(a) 


Fic  2.    ABUTyENT  FOR  West  Alaukda  Avenue  Subway,  Denver,  Colo. 

2.  Stabiiiiy  Against  Sliding.— Assuming  that  ^'  -  30",  then  the  coefficient  of  friction  will 
be  tan  *'  ■•  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V.  the 
resistance  of  the  wall  against  sliding  will  be  57,500  X  0.57  -  32,765  lb.  The  sliding  force  i« 
P'  •  14.700  lb.,  and  the  factor  of  safety  is  32,765/14,700  »  2.23,  which  is  ample. 

3.  Pftssure  on  Foundation. — The  pressure  on  the  foundation  will  be  p  •■  F/d  *•  6F*6/rf' 
"  +  5.740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe, 

4.  Upward  Pressure  im  Front  Projection  of  Foundation.— The  base  will  be  investigated  on 
the  plane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  pn)jcction  of  the  founda- 
tion. The  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  (a),  Fig.  2, 
will  be 
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Af  =  i  (5.740  +  4.690)4  X  a.i  X  la 
=^  5*5.672  in-lb. 
The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 
,      Me  _  Md      525,672  X  27 


92  lb.  per  sq-  in. 


157464 


The  footing  is  aafe,  but  }  in.  □  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottom  of 
the  foundution. 

Case  (b). — The  solution  is  the  &ame  as  for  (a)  except  that  the  live  load  from  the  girder  =  9,980 
lb.,  and  the  surcharge  load  1-2-5-6  =  R'l  =  6,620  lb.  were  omitted.  The  wall  is  safe  for  over- 
turning. The  factor  of  safety  against  sliding  is  from  equation  (27)  Chapter  V.  /«  =  41. 500 
X  0.57/14,700  -  1.6,  which  is  safe.     The  pressure  on  the  foundation  is  safe. 

The  back  wall  was  placed  after  the  bridge  seals  were  finished.  To  bond  the  back  wall  to 
the  abutment,  \  in.  □  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  frtnn 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall. 

PRINCIPLES  OF  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
make  sure  that  the  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  hliing,  the  weight  nf  the  masonry, 
the  weight  of  the  bridge  and  the  live  I'jad  must  strike  within  the  middle  third  of  the  base.  Where 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  nut  be  serious 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  the 
foundation  is  not  cxccedwl.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  re^iultant  of  the  pressures  should  strike  at  or  hack  of  the  center  of  the  base,  so 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  use  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  sec  the  design  of  Retaining  Walls,  Chapter  V. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
icquirements. 

(a)  The  abutment  should  protect  the  bank  from  scour.  (6)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  (c)  The  abutment  should  be  easily 
drained. 

Empirical  Design. — A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  ^  the  height  above  any  section:  and  project  the  footings  on  each 
side  as  may  be  required.  Empirical  methods  of  design  often  give  unsatisfactory  results  and  are 
not  to  be  recommcndetl. 

DESIGN  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (1)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(2)  for  wind  pressure  on  the  pier  and  the  bridge:  (3)  to  withstand  fltjating  <lrift  and  ice:  and  (4) 
to  take  the  longitudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  fn*cly.  The  wind  pressures  arc  calculated  as  specified  in  sped- 
lications  for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
about  the  liH^ward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  load  and  wind  arc  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 
abutments. 

Th?  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calculate. 
The  pressure  of  a  flowing  stream  on  an  obstruction  is  given  by  the  formula 

P  »  rwwO'  — 
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rhcrc  P  *=  the"  total  pressure  on  the  surface;  m  »  a  constant;  w  =  weight  of  a  cubic  foot  of 
water;  a  =*  area  of  wetted  surface  normal  to  the  current  in  square  feet;  v  —  velocity  of  current 
in  feet  per  second;  and  g  =  acceleration  due  to  gravity  =  ja.a  feet.  The  value  of  m  x-aries  with 
the  shape  and  the  dimensions  of  the  pier.  Weiabach's  Mechanics  gives  the  following  data: — 
For  a  prism  three  times  as  lung  as  broad,  m  »  [.33.  Fur  a  pier  five  or  six  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
m  —  0.48.     For  a  square  pier,  m  =  1.28,  and  for  a  circular  pier,  m  —  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice,  which 
varies  from  400  to  800  lb.  per  sq.  in.  The  principal  danger  from  floaiing  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  wtll  gouge  out  the  material  aruund 
and  under  the  pier  and  cause  failure.  To  pre>*cnt  this  it  is  quite  common  to  build  piers  with  a 
"break-water."  "starkwater,"  "cutwater."  or  nose  that  will  deflect  drift  and  ice.  or  to  put  in  a 
pile  protection  on  the  upstream  aide  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
of  the  water  must  be  considered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  Is  well  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  mnrc  than  one  inch  tf)  one  foot  of  vertical 
height,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  PRESSURES  ON  FOUNDATIONS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drainage,  the  aniuunt  of  lateral  support  given  by  the  adjacent 
tnatcrinl,  the  depth  of  the  foundation,  and  other  conditions,  so  that  it  is  not  possible  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  designed  a  moderate  M:ttlement  uf 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.     Professur  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Con:>truction." 

TABLE  I. 

Safe  Bearing  Power  of  Soils.* 


Kind  of  MateHol. 


Rock  hardest  it;  thick  Uyen  in  bed. . . 
Rock  equal  to  best  ashUr  masonry. .  . 

Rock  equal  to  best  brick . . 

Rock  equal  lo  poor  brick 

Oay  in  thick  beds,  alwayi  dry 

Clay  in  thick  beds,  moderately  dry.  . . 

Clay  wft 

Gravel  and  coane  sand,  well  cemented 
Sand  compact  and  well  cemented.  .  .  . 

Sand  clean,  dry 

Quicktand,  alluvial  soils,  etc 


So/e  Bearing  Power  la  Toos  per  Square  Foot. 


Mio. 

Max. 

300 

— 

30 

20 

10 

6 

4 

2 

10 

6 

4 

0.5 

I 

Present  practice  is  more  nearly  given  by  the  values  in  Table  11. 
be  placed  directly  on  quicksand. 

TABLE  IL 
Allowable  Bearing  ov  FotTNOATtoNS. 


Foundations  should  never 


KJnd  of  Mattrrial. 


Soft  clay  or  loam 

Ordinary  clay  and  dry  und  mixed  with  cUy. 

Dr)'  land  and  dry  clay , 

Hard  clay  and  firm,  coarw  land. , 

Kirm.  coane  sand  and  gravel 

Shale  rock 

Hard  rock 


Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons. 
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Mr,  E.  L.  CortbeU  give*  the  iummary-  oC  tht  pmwuc*  on  deep  fomidatinpi  in  Table  111. 

TABLE  III. 
Actual  Pressckes  on*  Deep  Fotsdatioxs.* 


Actual  Pr»*ures  which  Showed  No  Settiemeot.                                             j 

UataiaL 

KTam[4ff 

PiLMUii  ia  Tooi  per  Square  Foot. 

IfwiiBiB 

Mmiiftvn. 

Fine  sand 

lO 

33 

lO 

,1 

5 

S-f 

8.S 

6.2 

8.0 

I2.0 

2.2S 

M 
I-S 

l.O 

3-0 

4*5 

4^9 

if 

Coanc  Mnd  Aod  gravel. .... 
Sind  and  clay 

Alluvium  and  iilt          . . 

Hard  clay 

Hard  pan ••••... 

Actual  Pressures  which  Showed  Scltlcmeot. 

Fine  Kand 

3 

5 

2 

3 

7.6 

7-4 

n 

1.6 

3-3 

Gay 

Alluvium  and  tilt 

Sand  and  clay 

The  data  in  Table  III  bHows  that  great  care  must  be  used  in  determining  on  the  allo»*able 
presfture  for  any  particular  foundation,  and  that  safe  \ulues  for  the  bearing  power  of  soils  should 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  6oating  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  sizeof  the  runoff  area ,  the  slope  and  size  of  the  stream 
and  upon  other  Ii>:at  conditions.  The  "Dun  Drainage  Table,"  Table  IV,  will  be  of  assistance  in 
assisting  the  judgment  of  the  engineer  in  determining  on  the  proper  waterway  for  any  bridge. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  u  that  proposed  by  Professor  A.  N.  Talbot.     It  is 


vi? 


where  A  =  area  of  the  required  opening  in  sq.  ft.; 
Af  ■■  area  of  drainage  basin  in  acres; 
c  »  a  coefhcient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 
of  the  aoil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  :  c  =  §  to  i  for  steep  and  roclcy  ground; 
c  "  \  for  rolling  agricultural  country,  subject  to  Hoods  at  times  of  melting  snow,  and  with  th( 
length  of  valley  3  to  4  times  its  width;  c  -  J  to  I  for  districts  not  affected  by  accumulated  snow 
and  where  the  length  of  the  valley  is  several  times  its  width. 

PREPARING  THE  FOUNDATIONS.— The  preparation  of  the  site  of  the  abutment  or 
pier  will  defx-nd  uixjn  the  conditions  and  character  of  the  material. 

Rock. — Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the  projections  or 
by  drtiositing  a  byer  of  concrete. 

Hard  Ground. — The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  l)c  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  at 
about  2 1  to  3  ft.  centers  over  the  foundation. 

•  '*  Allowable  Pressures  on  Deep  Foundations  "  by  E.  L.  Corthell,  John  Wiley  &.  Sons 
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TABLE  IV. 
The  Dun  Draikage  Table.* 
Atchison.  Topcka  &  Santa  Fe  Railway  System. 


.OJ 

.OS 
.06 
.07 
.o« 
.09 
.10 
.15 
.so 
.*S 

JO 

■35 

-to 
■45 
-so 
■55 

.60 
AS 
.70 
.75 
.80 
.«5 
.00 
■05 

1.0 

I.I 

1.S 

IJ 

1-4 
IS 

\A 
1.7 
1^ 
»-0 
1.0 

a.a 

Ji 

ta 

3.0 

li 

3-« 

40 
4.* 
4.4 
4^ 
4.8 
5.0 
SS 
6.0 
6$ 
70 

u 

■  S 

gj» 
OS 

xo 


AREAS  OF  WATERWAY. 


1-0 
4-0 
6.0 
75 
0.0 
10.5 
13^ 
13.5 
IS 

16 

35 

3> 
38 
44 
51 
S6 
6»' 
66 
70 

It 

it 

85 
8S 

91 
04 
AT 
xoo 

IfO 
IM 
130 

140 
150 

160 
170 
xSo 

190 
3O0 

380 

300 

sat 
340 
357 
373 
3B8 
403 
4«T 
430 
443 
455 
483 

soo 

S3J 
SS« 

579 
601 
6m 

679 


it'' 


t-H  In. 

1-24  " 

I-JO  " 

i-j6  " 

1-4J  " 

1-42  " 

1-48  ■' 

2-36  " 

*-j6  •• 

2-36  ■• 

3-48  " 

3-42  '• 

3-4B  " 


u 


3 
3 

3 
3 

4 
3 
3 
3 

4 
4 
5 

l\ 

5 
X    6 
X    6 
X    61 
X    41 
X    5 
X    SI 
X    6 
X    6 
X    6 
X    6 
X    S 

II 

II 
X   61 
X    7 
X    61 
X    7 
X    7k 
X    8 
X    7 
X    8 
^    9» 
X    8 
X    0 
X    Of 
X    Sl 
X    9 
X    81 
X    0 
X    7 
X    7» 
X    8 
X    81 
X   9 
X    9| 
X  10 

X    7» 
X    8 
X    9 
X  to 
X  II 

X  11) 

X  13 

xiaj 
X  13 


PK8CCNTACK   OF 
COLUUS    i. 


ii 


13 


8 

ll 


105 
to5 
los 

IDS 
IDS 
IDS 
105 
lOS 
to$ 
lOS 
IDS 
los 
105 
lOJ 

105 

IQS 
10$ 

IDS 

lOS 
105 

lOJ 

105 
105 

105 

105 

10$ 
I  OS 
105 
105 
10$ 
lOS 
10$ 
10$ 
10$ 
lOS 


s 


98i 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

98 

97 

97 

97 

07 

97 

97 

97 

97 

97 

97 

97 

97 

97 

93 

93 

03 


U 
IS 

16 
17 
18 

10 
90 
31 

as 

30 

J8 
40 
45 

SO 
55 

60 
65 
70 
75 
80 
85 
90 
9S 
100 
no 

130 
130 
140 
150 
160 
170 
180 
190 

aoo 

330 
>4'0 
aAo 
3B0 
300 
3^5 
350 
37$ 
400 
4SO 
500 
SSO 
600 
700 
800 
900 

t.ooo 
8.000 
3.Q00 
4.000 
5.000 


AREAS  OF  WATERWAY, 


PXXCENTACX   or 
COLCMN    3, 


710 

740 

775 

80$ 

83$ 

865 

690 

930 

045 

970 

I.OtS 

1.060 

1. 100 

1. 140 

1.180 

1.330 

i.ass 

1.390 
I.J30 
1.350 
1.435 
1. 510 
l.S8o 
1,650 
1.710 
1.780 
1.840 
1.900 
1.960 
3.01 5 
3.065 
3.130 
3.330 
a.315 
a.405 
3.500 
3.580 
3.66$ 
a.745 
3.820 
3.900 
3.070 
3.I1S 
3.345 
3.J70 
3.495 
3.6  M 
3.770 
3.900 
4.03$ 
4.165 
4.385 
4.610 
483$ 
5.030 
5,430 
5.800 
6,oftO 
6.380 
B.830 
10,64a 
13,160 
13.SOO 


=3x 


3^ 

is 
11 

II 


lOS 

I  OS 
105 

10s 

lOS 
I  OS 

IDS 

105 

I  OS 
los 

105 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
no 
115 
U5 
115 
IIS 

ns 
115 
115 

I»S 
lis 
130 
130 
130 
135 
135 

130 

no 
130 

130 
130 

130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
1.10 

130 
130 
130 
130 
130 
130 
130 
130 
130 
130 
130 


8 


03 
93 
93 

93 
93 
04 
94 
94 
94 
94 
04 
94 
93 
03 
ga 

OJ 
01 

gi 

CI 

51 


88 
88 
M 
86 
86 
86 
85 
«5 

as 

831 
83I 

83 
83 

Sol 

*oI 

70 

70 

77J 

77* 

76 

76 

74( 

74* 

73 

7l4 

70 

68| 

67 

6$  I 

63! 

59* 

56| 


. 
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Ttw  above  cIsMlficmtkni  by  ftatcs  (■  foe  conmUencc  oaly.  and  mnrly  dcnolM  tlic  gmmd  chatBCtcrfrtIc*  of 
lopoDvpby  and  rainfall. 

Column  3  in  thii  table  U  prepared  from  obaervmtloni  of  itrainu  In  Southwrvt  Mlwouii.  Eoicem  ICaiMUi. 
Waicm  Arkauoa  «ik1  the  Mutftra^trm  ponion*  of  the  Indian  Territory,  tn  all  thi<  reulun  fterp.  rock)-  alopea 
pfvvvll  and  the  loQ  ab«orhi  but  a  •mall  penrntace  of  tlie  ralnfalh.  It  InHtralr^  l.irK'*r  wTitrrway*  than  are  rvQulrcd 
In  Weatem  Kjnwu  and  Ifvgl  pcirtitwi*  of  Mliwoiiri.  Colorado,  New  Mc*U-o  and  WrMrm  Tc»a3. 


•  American  Railway  Engineering  Association,  Vn|.  12,  p.  484.     This  report  alao  contains  an 
ctaburate  rt-[Kjrt  un  Rum>flr  and  Waterways  for  Culverts. 
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Soft  Ground. — The  materials  should  be  excavated  to  a  solid  stratum  or  piles  spaced  about 
3|  to  3  ft.  centers  should  be  driven  uvit  the  foundation  to  a  good  refusal.  The  piles  should  be 
cut  off  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 
heads  of  the  piles.  Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  following 
methods:  open  caisson,  crib,  coffer  dam,  or  pneumatic  caisson. 
■  In  using  an  open  caisson  the  masonry  is  built  up  or  the  concrete  is  deposited  in  a  water  tight 

I      box  built  of  heavy  timbers  or  of  reinforced  concrete,  the  caisson  being  sunk  as  the  pier  is  built  up. 


I 

I 
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The  caisson  is  commonly  fluatc<l  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
to  receive  it.  or  on  a  solid  rock  foundation.  The  sides  of  timber  caissons  are  usually  removed 
after  the  pier  is  completed. 

Timber  cribs  are  made  of  scjuarcd  timbers  placed  transvcnely  and  longitudinally,  and  bolted 
together  so  as  to  form  a  ftolid  structure  with  open  pockets.  The  crib  is  sunk  by  loading  the 
pockets  with  stone.     No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling  amund  the  pier,  the  space 
between  the  rows  of  piling  Ix-ing  filled  with  clay  puddle.  For  small  depths  a  single  row  of  sheet 
piling  is  often  sufficient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling,  additional 
rDWB  arc  driven  inside  the  first.  Steel  shcx't  piling  is  now  much  used  for  difficult  foundations. 
Steel  sheet  piling  can  be  driven  through  ordinary  drift  and  similar  material,  is  not  limited  in 
depth,  and  in  practically  water  tight  when  used  in  a  single  row.  It  can  be  drawn  and  used  again. 
Jt  ta  almoNt  impossible  to  shut  off  alt  the  water  with  a  coffer  dam.  and  pumps  should  be  provided. 

Pneumatic  cais«OM  ahould  only  be  used  under  the  direction  of  experienced  engineers  and 
will  not  be  considered  here. 

For  details  of  sinking  piers  vcc  Jacoby  &  Davis'  *'  Foundations  of  Bridges  and  Buildings  ", 
McGraw-Hill  Book  Company. 
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EXAMPLES  OF  RAILWAY  BRIDGE  ABUTMENTS.— Standard  stone  masono'  abut- 
ments designed  by  the  Baltimore  &  Ohio  Railway  arc  shown  in  Fig.  3.  Thcae  abutments  are 
to  be  used  for  deck  and  through  girder  spans.  The  plans  are  worked  out  in  detail  and  give  data 
for  different  conditions. 

Standard  designs  for  a  straight  abutment  and  for  a  wing  abutment  designed  by  the  N.  Y.  C, 
&  H.  R.  R.  R.  are  shown  in  Fig.  4.  Data  for  different  conditions  are  given  on  the  plans.  The 
quantity  of  masonry  and  of  old  railroad  rails  required  for  the  N.  Y.  C.  &  H.  R.  R.  R.  abutments 
shown  in  I'ig.  4  are  givL-n  in  Fig.  5.  The  wings  are  the  length  required  for  a  flare  of  30  degrees  and 
a  side  slope  of  roadway  of  i  J  to  i. 
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QVANTITIES   IN    MASONRY   ABUTMENTS.    N.    Y.    C?   &    H.   R.    R,    R. 


The  quantity  of  concrete  in  single  track  railway  bridge  abutments  as  designed  by  the  Illinois 
Central  R.  R.  are  given  in  Fig.  6.  The  quantities  In  double  track  abutments  may  be  calculated 
as  shown  in  Fig.  6. 

Cooper's  Standard  Abutments — The  abutment  in  (a),  Fig,  7,  is  from  Cooper's  "CK^^e^aI 
Specifications  for  Foundations  and  Subsrruriures  of  Highway  and  Electric  Railway  Bridges." 
The  length,  /,  and  the  thickness,  o,  for  highway  and  single  track  electric  railway  bridges  arc  as 


I 


given,  and  are  proportional  for  intermediate  spans.     These  abutments  may  be  made  of  either 
first-class  stone  masonry,  or  first -cla«  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  the  value  of  o  in  Fig.  7.  The  mini- 
mum thickness  of  the  wall  at  any  point  is  to  be  04  of  the  height.  The  length  of  the  wing  walls 
»iU  be  determined  by  local  conditions. 
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Fig.  6.    Quantitibs  in  Masonry  Abutments.  Illinois  Centbal  Railroad. 

The  abutment  without  wing  walls  in  (6),  Fig.  7,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  single  track  clc-ctric  railways  may  W  taken  as  14  ft.,  double 
track  36  ft.     The  approximate  cubical  quantities  in  abutments  without  wing  walls  arc  given  in 

Ftg.  7. 

RAILWAY  BRIDGE  PIERS.— Standard  piers  for  railway  bridges  as  designed  by  the 
N.  Y.  C.  &  H.  R.  R.  R.  arc  shown  in  Fig.  8.  Dimensions  and  data  for  different  spans  and  heights 
of  piers  are  given  on  the  plans.  The  quantities  of  mai(onr>'  in  the  standard  plans  shown  in  Fig.  8 
are  given  in  Fig.  9.  for  deck  spans  and  for  through  spans. 

Quantities  of  masonry  in  piers  for  dock  plate  girder  spans  arc  given  in  Fig.  TO  and  for  through 
girder  and  truss  spans  in  Fig.  1 1.  These  piers  were  designed  and  the  estimates  were  prepared  by 
the  bridge  department  of  the  Illinois  Central  Railroad. 

Illinois  Central  Railroad  Pier. — Details  of  a  concrete  pier  designed  and  built  by  the  Illinois 
Centra!  Railroad  are  shown  in  Fig.  12.  The  pier  rests  on  timber  piles  spaced  as  shown.  The 
•'starkwatcr"  i*  reinforced  with  an  8  in.  I  beam. 

Cooper's  Standard  Masonry  Piers. — The  masonry  pier  in  Fig.  13  is  from  Cooper's  "General 
Specified tiuns  for  Sub-iiructiia-^  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  a.  for  highway  and  single  track  elect  rir  railway  bridges  are  given  in  Fig.  13.  These 
piers  may  be  made  of  either  first-class  stone  masonry',  or  first-class  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  /.  and  6  inches  to  a.  The  width, 
vr  "  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  26  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  arc  liable  to  injure  the  pier  the  nose 
of  the  cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  appntximate  cubical  con- 
tents of  the  piers  arc  given  in  Fig.  13. 

STEEL  TUBULAR  PIERS.— Steel  iubular  piem  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.     Where  the  piers  arc  founded  on  soft  material,  piles  are  driven  in  the 
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a  minimum  thkknc-^  of  \  in.  for  plates  bctow  and  |  in.  abo\*e  the  high  vater.     The 
of  tubular  pi*rr5  are  as  given  in  Fig.  14. 

A  %t/A-l  tubular  pier  with  a  timber  crib  protectioo  is  gi\ien  in  Fig.  14.  The  crib  is  6]Ied  vith 
loos<e  r'x.k- 

A  steel  oblong  pier,  as  designed  b>'  Cooper,  is  gi\*en  in  Fig.  15.  The  center  of  the  truss  is  to 
come  a  '2  +  one  ft.  from  the  end  of  the  jner.  The  vidth  a,  as  specified  by  Cooper,  is  givcii  in 
f'U'  15- 

American  Bridge  Companr  Standards. — ^The  .American  Bridge  Company's  standard  tubular 
{Merft  arc  bhown  in  Fig.  16.     The  minimum  diameters  for  a  height  of  15  feet  to  cany  a  single  ^an. 
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STEEL  TUBULAR  PIERS  FOR  HIGHWAY  BRIDGES, 

and  data  on  pters,  pier  beams  and  pier  bracing  arc  Rix'cn  in  FtK*  i6.  In  calculating  the  weight  of  a 
pier  add  one  fool  to  the  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is  given 
in  Fig.  16.  The  concrete  h  assumed  to  fill  the  tube,  and  the  space  occupied  by  piles  should  l>c  de- 
ductefi  The  numlxrr  of  piles  required  for  different  diameters"  of  tubes  ta  given.  The  number  of 
(ules  requited  fur  Urge  tubes  agrees  quite  closely  with  Cooper's  Specifications,  but  the  number 
for  small  tube*  is  very  much  less. 

Pier  Beams. — The  sizes  of  pier  beams  required  for  different  panel  lengths  and  clear  distance 
between  tubes  in  feet  arc  given  in  Fig.  16.  The  pier  beam  should  be  assumed  as  one  foot  longer 
than  the  clear  distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 


__y^tMpyA!^_ 


•$<ln    _ .  .    ..  .  _   .  _    ^. 


Q^keknCci 


§  a  ufirmrsisry ' 


hucHc 


^ 


# 


mncmNfOi 


PiffN 


Jim*  e»f^  CKfrjf. 
fU30  C9rM/eotyM  /c  h 


txctpt  *»Wr  stariwiter 
Miene  Sf^thf  oTmh  in 


?itrsmr4&%^h 

hvt  50tei»t4k3fftv. 


foutt^tiion  h  sw'f  kc9f  cond/iionx,   hondaim  h  fHcmnr  thi 

fovfta^wn  to^  e4uj  3  concrrit 
/'J-fi  Wfihoui  nt^h.  tfp/tJJ  hci/ 
eoff^f'i/oM  mMt  J  torn  dt$^ftn 

Fig.  8.    Masonry  PrsRs,  N.  Y.  C.  &  H.  R.  R.  R. 


Sptns 

Q 

$0/  60^ 
60;m\ 

(25-150  . 
150 -too 
20O''t50 

7'0\ 

r-6' 

f$rikew  crsssi/fff 


Pier  Bracing, — The  pici  bracing  for  piers  supporting  the  ends  of  two  spans  are  gi\'en  in 
Fig.  16.  If  the  spans  are  unc(|ual  in  length,  enter  the  table  with  one-half  of  the  algebraic  sum 
of  the  spans.  For  example,  for  a  pier  carr^'ing  a  75  ft.  and  a  125  ft.  span,  enter  the  diagram  with  a 
»pan  of  100  ft.      Steel  tubular  piers  should  never  lie  used  for  end  abutments  carrying  a  fill. 

In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
the  weight  per  foot  as  obtained  fmm  a  handbook,  and  the  details  for  one  bar  added  to  the  product. 
In  calculating  the  weight  of  the  struts  add  one  foot  to  the  clear  length. 

Pter  Caps. — Tubular  piers  may  be  capped  with  steel  plate  caps  may  l>e  finished  with  con- 
crete, or  may  have  a  stone  pedestal  block.  The  weights  given  in  Fig.  16  do  not  include  the 
weights  of  steel  caps. 

Spedflcations  for  Steel  Tubular  Piers  for  Highway  and  Electric  Railway  Bridges.^The 
plates  for  the  tubes  shall  be  not  Itvt  th;in  \  in.  thick  for  IuIk-s  up  to  30  in.  In  diameter,  not  Irs* 
than  A  '"'  f'^r  t"l**  from  30  to  4S  in.  in  diameter,  and  not  less  than  I  in.  (or  tubes  from  48  to 
72  in.  in  diameter.  Where  the  plates  are  in  contact  with  the  soil  the  thickness  shall  be  increased 
at  least  A  in.     For  A  <"•  P^atc  and  less  use  {  in.  rivets;  for  {  in.  plate  and  over  use  J  in.  rivets. 

The  horizontal  seams  shall  be  single  lap  joints  rivete<l  uith  n  pitch  of  4  diameters  of  rivet, 
while  the  vx-rtical  seams  shall  preferably  be  butt  riveted  with  single  riveting  s|wirrd  4  diamrters 
o(  rivet,  up  to  48  in.  diameter  of  lubes,  and  double  riveting  with  3  in.  spacing  for  tubes  of  larger 
diantctcr. 
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Fig.  9.    Quantities  in  Masonry  Piers,  N.  Y.  C.  &  H.  R.  R.  R 
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A 

B 

A 

B 

A 

3 

A 
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A 

8 

A 

B 

A 

8 

A 

0 

/f0 
4^S 

BiO 
B^ 

/B4 
BOt 
B9S 

BSt 
4t2 

B20 
420 
B4i 

240 

h44 

320 

ITS 

i2t 

44t 

f7f 

324 

4C0 

m 

2*i 
324 
4Sf 
Bit 

304 
404 
US 

7i0 

27(7 
344 
//J 

32t 
42$ 
iJO 
720 

2BS 

370 

484 

36/ 
4*7 
432 
795 

2Si 
399 

Hi 

448 

320 
SJf 
473 

m 

/^Ptf:'-AersArsMspmr,7arO'arm0^sn                                  COHTINT^  OF 
M^*A^ahi^^/trAlt/mm^Mf»                        smi  WACK,  IWOUSM  Sf^ff  PiEP5 

Fig.  II.    Quantities  in  Masonry  Piers  for  Turougb  Spams,  Illinois  Central 

Railroad. 
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The  bracing  of  piere  shall  be  designed  to  take  all  the  wind  forces  spt-cified  to  come  on  the 
bridge.  I>i;inhragm  wrtw  arc  lo  Ik*  lined  up  to  well  above  high  water  for  piers  located  in  the 
stream  or  wnere  Hoating  materials  may  find  lodgment.  Oblong  piers  shall  be  braced  against 
ifutdc  and  outride  prcMure.  Piers  exposed  to  injury  (n^m  floating  logs  and  drift  shall  be  pro- 
tect e<I. 

The  tu!>cs  should  be  painted  inside  and  out  with  two  coats  of  red  lead  and  Unseed  oil|  or 
other  prescribe<l  paint. 
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hkllTjE  A£Vnt£>"TS  AXD  PIE8S 
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I/««««Mi.  — V#Vre  riit  'vJCt-woi  w^  ;«r3e-  tae  tioe*  staJ  be  sax  ^wc 
by  >A*^;.-.fif  -.vt  ♦-r^  t:^:  excKTi:::^^  tie  X2»=^  £r-.c:  tie  ttwV      Fx"  ta 

t^v.ic^. .:«  *'^f  *itVrr«».  I/rivi:!;^  t=«  vx«  vxa  a-^£Je  crrrtr  v:iX  rac^taecvcaKt^banaDaciI 
w«At4  i.-v:  »-;  sr<r,  -^  ;«r=K::tft?:-  hl'JS  tiifc  tar*  k  sesJe-  j£es  are  t:^  be  fkzws  isMdc  of  tlK 
«f>wt  «*>•;: .  4»  '.U^.y  *//iKTi»T  u  ymaiA.  zatai  car^  --^  p=  a&  p£e  aeanr  t^u  4  to  6  m.  to  tic 
try*-:  vrj".'..  Trjt  p»>«  tea."  '^  Crry«:  ^'-  &  fwi  rtsosl,  aad  tie  t2p»  arnd  cf  faribv  tke  low 
«a?i^  Tur'^  iui  rKW.i.ic^  %.t  >a;ie  3  '&u=e£er«  oc  tie  ca^  a^nvt  tie  hnrtnn  Tie  ipace  iiirV  tie 
f;»r^s»  *Ka.'.  'h*^.  vt  iT^.  *;rii  v.«rj«e  wtC  ra^^frf  Cc/acrat  Aodd  mac  be 
waf/T  if  p*>*wh.«t  t/i  pr^r/ect  it. 
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/'///  /'/^(^ 
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MASOH£y  P/FJ? 


MUJHQ!^  CEMTiAl  Bk- 


MmL^iLjk^^mk  ^^^\^'^'^''' 


PIAN 
Fio.  12,    Details  of  Illisois  Central  Railroad  Pier. 


Wlii-n-  pt<TH  arc  foiinrlwl  on  rork,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled 
with  1  OIK  ri'ii*.  Or  cribs  may  Ix;  hunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and 
ri-Hiifiu  on  ih*-  r<Kk.  The  H(t;irr  outsi<lc  the  tulie  is  then  filled  with  concrete  and  the  tube  is  filled 
wilti  Miiii  nif  in  the  unnal  nianntrr. 

Cylinder  Pier*  for  Highway  Bridge,  Trail,  B.  C* — Steel  cylinder  piers  were  used  for  a  steel 
hinhway  l»ii(lK(.'  d<*siKncd  l»y  VVaddtll  and  Harrington,  Consulting  Engineers,  and  built  across 
llir  <  utninliia  Kivt-r  al  Trail,  B.  (\  The  main  spans  arc  172  ft.  8  in  long  and  are  carried  on 
pirrit  m.iilrnf  t  wo  nircl  cylinclcrH  filled  with  concrete.  The  stwl  cylinders  are  9  ft.  in  diameter 
til  till-  Ihiiimiu  and  (>  ft.  in  diameter  al  th':  tup,  and  arc  86  ft.  long.     The  cylinders  are  made  of 

•  luiKincrriiiK  NewB,  Hoc.  5,  1912.    • 


MASONRY  PIERS  FOR  HIGHWAY  BRIDGES, 


OlMEHSiONS  FOR  MASQHRY 
PieR  ^OR  HlSHWAY  AND 

SiNSLS  Track  Fuctr/c 
Railway  &rio6£S 


Mof 


-*l  b 


W»  Ctater  tff  cenrer 
fry  sets  ^/4  'O^Ffr  sing/f  irxJk   j* 

H/€H^AY  Pl£RS 


OisUffce 

Span 

Length 

3 

Feet 

I 

2'S' 

50 

w^4'0'' 

2'iO' 

7S 

w*4'$' 

^2" 

100 

w*S'0' 

ys" 

ISO 

w*S'9' 

4 '4"    200 

w^i'6' 

4' to"  2 BO 

w^7'0' 

^4"    2^00 

w^7'6' 

fer  ^h/e  track  Fieetrk 
Railvrsy  bridges  a<f<f  H" 
to  Z.0n4  ^'  t9S< 


Approximate  Contents  /n  Cubic  Yards  of  One  Masonry  Pier 


Spsns 
Feet 

Roadway 

Depth  oF  Pier  Erom   T&p  oF  Coping 
to  Bottom  oF  Footing  in  Feet- 

iO 

iS 

20 

25 

50 

fOO 

12  Feet 
20  Feet 
F,  Singie  T- 
£,  Oouhle  r 

29 
3S 
Si 

SO 

44 
59 
46 
75 

60 

82 

62 

i02 

77 
i08 

80 
i52 

94 
i56 
iOO 
iB6 

ISO 

/2  Feet 
20  Feet 
£,  Singie  T- 
£.  Pou^ie  T- 

S4 
4$ 
37 
58 

5i 
70 
54 
86 

70 
95 
74 

as 

90 
125 
96 

iSB 

/// 
i57 
120 
iSi 

200 

i2  Feet 
20  Feet 
£,  Singie  T* 
F,  Ooul,fe  T- 

3$ 
BS 
45 

66 

58 
80 
€5 
99 

80 

i09 

86 

iSS 

i05 
i45 

ii2 

i74 

i28 
i78 

140 
2/7 

250 

i2  Feet 
20  Feet 
F,  Singie  T- 
F,  Doi/bie  T- 

44 
6i 

48 
75 

66 

9i 

74 

709 

90 
i25 

98 
i49 

iib 
iSO 
i27 
792 

i45 
/99 
159 
258 

BOO 

i2  Feet 
20  Feet 
F,  Singie  T- 
F,  Ooubie  T- 

49 
68 
54 
SO 

75 

lOi 

80 

120 

iOO 
i57 
i09 
i64 

iSO 
777 
142 
2i0 

i62 
220 
i78 
260 

\ 


Fig.  13.     Ma^onkt  Piers  for  Electric  Railway  and  Highway  Bridges, 
Coopjia's  Stamoards. 
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irTdgeTbutments  and  piers. 


Chap.  VI 


plates  \  in,  thick  and  are  connected  by  a  double  plate  web  diaphragm,  each  diaphragm  made 
of  A  >"•  plates  spaced  24  in.  apart  and  25  ft.  high,  and  reaching  from  below  low  water  to  above 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  ar«  spaced 
21  ft.  centers.     The  piers  were  sunk  by  the  pneumatic  proces*. 


/^A  Mj/ef'y 


Lo^  Wafer 


^treatm 


(a)  Srt^L  Tubular  Piers 


I  1 

(b)  Crib  Construction^  for 
ST^n  Tubular  Piers 


MmiHuM  Sizes  of  Steel  Tubular  P/ers,  Cooper's  Standards 


Feet 

Highway  Sr  Singh  Tr^ck  Electric 
Raiiway 

Double  Tr^ck  E/ectric 

Rgtlwsfy 

Minimum 

Diameter 

Namher  oF 

Minimum 

Diameter 

Number  of 

Top,  d 

Bob-  D- 

Piles 

Top  d 

Sot  D 

Piles 

50 

Z'lO" 

i'4" 

4 

5'4" 

4' 4" 

8 

75 

5U" 

3'S" 

5 

I'lO" 

5'6" 

fO 

JOO 

S'S" 

4'Z" 

B 

4'e'' 

B'O'' 

10 

iZ5 

4^0^ 

4'7" 

S 

4'I0" 

B'4' 

12 

/SO 

4^4" 

S'C 

9 

5'Z" 

7'0*' 

J2 

175 

4'g' 

5' 6" 

10 

5' 6'' 

7V'' 

J5 

200 

5'0^ 

5' 10" 

// 

s'/o^' 

S'O'' 

JS 

250    , 

5'$' 

eW 

/2 

6' 4'' 

S'O'' 

19 

Fig.  14.    Steel  Tubulas  Piers  for  Electric  Railway  and  Highway  Bridges. 

Cooper's  Standards. 

STEEL  CYLINDER  PIERS  FOR  RAILWAY  BRIDGES.— Steel  cylinder  picre  have  been 
used  for  the  foundalionti  of  several  important  bridges.  Table  V,  by  the  Chicago  and  Xorthwustcrn 
Railway.  Mr.  \V.  H  Finlcy,  Asst.  Chief  Engineer,  gi\'es  the  following  advantages  of  steel  cylinder 
piers  over  masonr>'  piers.* 

(1)  "Where  it  ia  desired  to  provide  for  future  second  track,  cylinder  foundations  will  co«t 
very  little  more  for  double  track  than  for  single  track. 


•  Enginecnng  News,  Oct.  24,  1912. 


STEEL  CYLim)ER  PIERS  FOR   RAILWAY  BRIDGES. 
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(a)  "Cylinder  picra  can  be  constructc<l  under  traffic  with  Ies3  trouble  than  any  other  type. 

(3)  "Cylinder  piers  permit  of  rapid  sinking  by  open  dredging  where  the  material  ib  favorable 
and  sunken  logs  are  not  liable  to  be  encountered.  Air  pressure  can  be  applied  readily  and  cheaply 
if  it  becomes  necessary.** 

Details  of  the  cylinder  piers  for  the  Oxford  Mill  Pond  bridge  are  shown  in  Fig.  17,  and  details 
of  the  steel  i^hclls  for  the  base  of  the  piers  are  shown  in  Fig.  18.  The  bridge  is  481  feet  long  and 
consists  of  30  ft.  and  60  ft.  spans  re&ting  on  piers  made  of  two  steel  cylinders  and  a  steel  shell  for 
the  base,  filled  with  concrete. 

-Z  5t!ffener 


-P/ate 


MiNmuM  5iiB$  OF  Steel  Oblong  Piers 
CooPEf?'s  Standards 


• 


1:  ;;;!;; 
airij  «  n  u  lT 


■Pilcy^ 


Span 
in 

Feet 

Width  a 

Highwsyand 
Single  Track 

Electnc  R3i/iV3y 

poubie  Tr^cA 
£iectric 
i^silway 

50 
75 
iOO 
125 
150 
175 
200 
250 

2'/0" 
5U" 

4'0" 
4^4" 

S'O' 

4'0'' 

4' 6" 

4'/0'' 

5'2" 

5^8' 

5' 10' 

6^4' 

Fig. 


'^  brace 'L 


OuoNS  Steel  Piers 

15.    Steel  Oblong  Tiers  for  Electric  Raclway  and  Highway  Bridges. 
Cooper's  Staxdakds. 

TABLE  V. 


Data  on  Several  Steel  Cylinder  Piers  lsed  by  the  Cdicago  and  Northwestern 

Railway. 


Bridse. 

it 

1 

Numl>e'r  of 

Cylinder* 

Lnl'icr. 

Sled  Cylinder  Plm. 

SudCaiBMm  Pkn.        | 

DUmrter 
oTPttn. 

\ 

5 

d 

1^. 

1 

■5 

Ft. 

Dot- 
torn. 
Ft 

Boone  Viaduct. 

Uke  Butte  De«  Morts  Via- 
duct  .^ 

Buffalo  Lake  Viaduct 

Oxford  Mill  Pond  Viaduct.. 
Pekin  Bridge. ............ 

ISO 
175 

70 

4  (Tower) 
3 

3 

1 

2 

% 
3 

10 
6 

10 
8 

8 
11 

1 

A 
i 

70 
34 

so 

34 

91 
97 
43 

• 
t 

•  ■  • 

.  .. 

30 

10 

Z9\ 

i 

19} 

49 

.... 

Pckin  Bridge   

Tckin  BridRC 

•  Rests  on  Sandslunc. 


flUrd  Clay. 


I  Rests  on  Hard  Slialc. 
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BRIDGE  ABUTMENTS  ANDPIERS. 


Chap.  VL 


CepA 


CapR 


CYLWDER  mRS 


RV^JKlIIl'Jt 


MfN/m/M  OfAf-terBR  of 

5T££L  TuBULAA  P/£fiS 
FOUA  He/SHT  Of  15  Febt 
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5p3f} 
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ZS 

/3 

SO 

if 

75 

za 

iOO 

dT 

m 

50 
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55 

I7B 

56 

200 

42 

uTTTBnrtij 


Af!  entities  /Sr  (kt  Pair  of  Tuhws 


Weight  pMrytrt'Ft-yZM*3f'^Y<^ 


X'    1"    L'    £.'   f^\T  S^ 


97* 
151 

/so 

J67 

/ss 

205 
222 
240 
iB7 
275 
2H 
h2$ 
H5 


119" 

i4C 

/B2 

185 

206 

227 


rSO  500  547  595 


275 
295 
5/6 
5S9 
562 
40S 
449 
495 
5i8 


MT^rm' 


/67 

/S4 
22/ 

247 
27! 


i26 
552 
57S 
405 
4/2 
445 
559 
S95 
64h 
698 
749 


/94 
225 
255 
284 
5/5 


577 
408 
437 
469 
500 
565 
62/ 
684 
74S 
805 
866 


P0ti 

Or** 
ra6A 


220 
255 
290\0-2S2 
524  0-296 
55 A  0564 
044C 


429 
465 
497 
5i2 
568 
6i6 
70S 
780 
US 
9/7 
984 


009/ 
0/5/ 
0-/78 


0524 
06/4 
07/2 
0-82C 
0-930 
/•/7S 
/•4S4\ 
/■7S8 
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AND  Clearances  aerivEEN  Beams 
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fi-O 
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f7-0 
fS-O 
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/0'9  iS-O 
12-6 

yO-0 12-5 
72-0 
17-6 
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70-0/7-5 
9-9  7/-0 

9-e 

9-0/0-5 


9-S 
9-6 
9-5 


40' 


/6-0 

7S-i 

75 

74 

/4-0 

75-6 

75 

75-a 

12 


5  77- 


42* 


78-6 
'9 


?0if?5'6' 
79-5  22-6 


78-6 
<A/7'0  /$-0 
6  76-677-5 


76-0 
75-6 
-5 
14-9 
6 


575 


614- 


SO' 


76-9 
76-5 
76-0 
75-6 
75-5 


55" 


27-9 
2/-0 
20-5 
/9-9 

/9-5 
/8'9\ 
78-5 
77-4i 


P7£R  BRAONG 


W. 


/ffcrtjse  diMft^r  5  "for  t»€h  a4^ii7tna/  5  F^et  7n  beif/ft' 

Stffl  TVbuiar  P/brs 

AhFR/CAH  3RJ06F  COMFANY  $TANDARO$ 


ij^athtx/s 


25' 


i%26''/F^SSl^  ?B4^  r/^'M  r^%  tf^sk 
0*t9i^7^2a\77f7^  TT^t-  /T^'nW^^WTft 


50' 
75' 
/Off 


f^45"/Ft.  ru'l^  ft^%  ru^  7U^  tss^H 


OetA^/fUSO*  fT^ft 


9ttd 
7Rc4 


Srsu  rs  >  S/ies  S8^p*r  Ft- 
for  Ysn'ous  P99dm9ys 


IFWW&W^W^^^ 


ir^B^'^ft  tN^H  tB^'H  Z«^  79f^ 

9te>A,/-/M45*/7^77V^f9^Ftt*Vfi. 


9fitl^/A4ffi^  72^  TT^fi 


77^yn  f7^'  l/Vfb  79Vfb 


}^l"99-0^rt-  W4i  Tff^  tB$»8  tB6f$  UT^'H 

/A/6S\t9''^n-  TS^Ft  T2fn  ff^  16^ 


,^  ^/2B'/Ft  tBftB  1pm  7B6f8  IBlf^  TfS 


TT'^'n 


IB6'8 


If'/^Tf^Et 


FxG.  i6.    Steel  Tubular  Piers  for  HrciiwAY  Bridges, 
American'  Bridge  Company. 
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Fig.  17.    Steel  Tubular  Piers.  Oxford  Mill  Pond  Bridge,  Chicago  & 
Northwestern  Railway. 
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Steel  Shell  for  Base  of  Cyi.ivder  Piers  of  the  Oxford  Mill  Pokd 
Bridcb,  Chicago  &  Northwestern  Railway. 
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MASONRY  AND  CONCRETE  DEFINITIONS  AND  SPECIFICATIONS 
Classification  op  Masonry.* 


Kind. 


Bridge  and  Retaining 
WaU 


Arch. 


Culvert; 
Dry. . . . 


Material. 


Stone. 


Concrete. . 


Stone 

Concrete. . 
Brick 


Stone. 


Concrete . 
Stone 


Dcacriptkm. 


Dimension 
Ashlar. . . . 


Rubble 
Reinforced 
Plain 
Rubble 

r  Ashlar 

1  Rubble 

/  Reinforced 
\  Plain 


No.  I 


/  Rubble 
\Dry 

Reinforced 

Plain 

Rubble 

Rubble 


Manner  of 
Work. 


Coursed 

Coursed 
Broken- 
coursed 

Uncoursed 


Coursed. . . 

Uncoursed 


English 

Bond 
Flemish 

Bond 

Uncoursed 


Uncoursed 


DrcMing. 


JointafH'  Beds. 


Smooth 

(Smooth 
Fine  pointed 
Rough  pointed 

/  Rough  pointed 
\  Scabbled 


Smooth 
Fine  pointed 
Rough  pointed 
Scabbled 


/  Rough  pointed 
1  Scabbed 


Face  or  Surface. 


/  Smooth 
\  Rock-faced 

/Smooth 
1  Rock-faced 


Rock-faced 


/Smooth 
\  Rock-faced 

Rock-faced 


Rock-faced 


Definitions.* 

Masonry,  Bridge  and  Retaining  Wall. — Masonry  of  ntone  or  concrete,  designed  to  carry 

the  end  of  a  bridge  span  or  to  retain  the  abutting  earth,  or  both. 

Masonry,  Arch. — That  portion  of  the  masonry  in  the  arch  ring  only,  or  between  the  tntrados 
and  the  extrados. 

Masonry,  Culvert — Flat-top  masonry  structure  of  stone  or  concrete,  designed  to  sustain  the 
fill  above  and  to  permit  the  free  passage  of  water. 

Masonry,  Dry. — Masonry  in  which  stones  are  built  up  without  the  use  of  mortar. 

Concrete. 

Concrete. — A  compact  mass  of  broken  stone,  gravel  or  other  suitable  material  assembled 
together  with  cement  mortar  and  allowed  to  harden. 

Reinforced  Concrete. — Concrete  which  has  been  reinforced  by  means  of  metal  in  some  form, 
so  as  to  develop  the  compressive  strength  of  the  concrete. 

Rubble  Concrete. — Concrete  in  which  rubble  stone  are  imbedded. 

Brick. 
Brick. — No.  I. — Hard  burned  brick,  absorption  not  exceeding  2  per  cent  by  weight. 

Cement. 

Cement. — A  material  of  one  of  the  three  classes,  Portland,  Natural  and  Puzzolan, 
the  property  of  hardening  into  a  solid  mass  when  mixed  with  water. 

*  Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.   7,  1906,  pp.  596-601,  619;  Vol.  12,  1911. 
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MASONRY  DEFINITIONS. 

Portland  Cement — This  term  shall  be  applied  to  the  finely  pulverized  product  resulting 
fiom  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  proportiontd  argil- 
laceous and  calcareous  niaceria.lB,and  to  which  no  addition  greater  than  3  per  cent  has  been  made 
eubcequent  tu  calcination. 

Natural  Cement. — This  term  shall  be  applied  to  the  finely  pulverized  product  resulting  from 
the  calcination  «f  an  argillaceouH  limestone  at  a  temperature  only  sufticient  to  drive  oil  the  carbonic 
acid  Ras. 

Puzxolan  Cement,  as  Made  in  North  America. — An  intimate  mixture  obtained  by  finely 
pulverizing;  together  granulated  basic  blase  furnace  slag  and  slacked  lime. 

Courses  and  Bono. 

Coursed. — Laid  with  continuous  Ix-'d  joints. 

Broken  Coursed. — Laid  with  parallel,  hut  not  continuouft,  bed  joints. 

tJncoursed.  —  Laid  without  regard  to  courses. 

English  Bond. — That  disito^ition  of  bricks  in  a  structure  in  which  each  course  is  composed 
cntinly  tjf  hcadt-rs  or  of  stretchers. 

Flemish  Bond. — That  disposition  of  bricks  in  a  structure  in  which  the  headers  and  stretchers 
alternate  in  each  course,  the  header  being  so  placed  that  the  outer  end  lies  on  the  middle  of  a 
stretcher  in  the  course  below. 

Dressing. 

Dressing. — The  finish  given  to  the  surface  of  stones  or  to  concrete. 

Smooth. — Having  surface,  the  variations  of  which  do  not  exceed  one-sixteenth  inch  from  the 
pitch  line. 

Fine  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-quarter 
inch  from  ihi?  pitch  line. 

Rough  Pointed. — Having  irregular  surface,  the  variations  of  which  do  not  exceed  one-half 
inch  fruiii  tlie  pitch  line. 

Scabbled. — ! laving  irregular  surface,  the  variations,  of  which  do  not  exceed  three-quartcre 
inch  from  the  pitch  line. 

Rock-Faced. — Presenting  irregular  projecting  face,  without  indications  of  tool  mark. 

Descriptive  Words. 

Abutment. — .\  supporting  wall  carr>ing  the  end  of  a  bridge  or  span  and  sustaining  the  pressure 
of  tla-  abutting  earth.     The  abutment  of  an  arch  is  commonlv  called  a  bench  wall. 

Arris. — The  ejcturnal  edge  formed  by  two  surfaces,  whether  plain  or  curved,  meeting  each 
ot  her. 

Ashlar. — A  squared  or  cut  block  of  stone  with  rectangular  dimensions. 

Backing. — That  oortion  of  a  mascmry  wall  or  structure  built  in  the  rear  of  the  face.  It  must 
be  attached  to  the  face  and  bonded  with  it.      It  is  usually  of  a  cheaper  grade  of  work  than  the  face. 

Batter.— The  slope  or  inclination  of  the  face  or  bact  of  a  wall  from  a  vertical  line. 

Bed. — The  top  and  bottom  of  a  stone.     (Sec  Course  Bed;  Natural  Bed;  Foundation  Bed.) 

Bed  Joint. — \  horizontal  joint,  or  one  perpendicular  to  the  line  of  pressure. 

Bench  Wall. — The  abutment  from  which  an  arch  springs. 

Bond. — The  mechanical  dispubition  of  stone,  brick  or  other  building  blocks  by  overlapping 
to  break  joints. 

Build.  -.\  vertical  joint. 

Centering. — A  temporary  support  used  in  arch  construction.     (Also  called  centers.) 

Clamp.— An  instrument  for  lifting  stone  so  designed  that  its  grip  on  the  suriare  of  the  stone' 
is  increased  as  (he  load  is  applied.  That  portion  engaging  the  stone  is  of  wood  attached  to  a  steel 
shoe,  which  in  turn  is  hinged  to  the  shank  of  the  clamp  in  such  a  manner  as  to  adjust  itself  to  the 
surface  of  the  body  lifted. 

Coping. — A  top  course  of  stone  or  concrete,  generally  slightly  projecting,  to  shelter  the  masonry 
from  the  weather,  or  to  distribute  the  pressure  from  exterior  loading. 

Course. — Kach  separat*:  layer  in  stone,  concrete  or  brick  masonry. 

Course  Bed. — Stone,  brick  or  other  building  material  in  position,  upon  which  other  material 
is  to  be  laid. 

Cramps. — Bars  of  iron  having  the  ends  turned  at  right  angles  to  the  body  of  the  bar  which 
enter  holr-*  in  the  upper  side  of  adjacent  stones. 

Culvert. — A  small  covered  passage  for  water  under  a  roadway  or  embankment. 

Dimension  Stone.— (0  A  block  of  stone  cut  to  specified  dimensions. 

Dimension  Stone. — (3)  Large  blocks  of  stone  quarried  to  be  cut  to  specified  dimensions. 


208 


BRtDGE  ABUTMENTS  AND  PIERS. 


Chap.  VI. 


Dowels. — (a)  Straight  bars  of  iron  which  enter  a  hole  in  the  upper  side  of  one  stone  and  also 
a  hole  in  the  lower  si<le  of  the  stone  next  above. 

Dowel. — -(b)  A  two-piece  steel  instrument  used  in  lifting  stone.  The  dowx*!  en^gcs  the 
&tonc  by  means  of  two  holes  drilled  into  the  stoneaL  an  angle  of  about 45 degrees  pointing  toward 
each  other.     The  dowel  is  not  keyed  in  place. 

Draft. — A  line  on  the  surface  of  a  stone  cut  to  the  breadth  of  the  chisel. 

Expansion  Joint. — A  vertical  joint  or  space  to  allow  for  lemperatiUT  changes 

Extrados. — The  upper  or  convex  surface  of  an  arch. 

Intrados. — The  inner  or  narrow  concave  surface  of  an  arch. 

Face. — The  exposed  surface  in  elevation. 

Facing. — In  concrete:  (l)  A  rich  mortar  placc*d  on  the  exposed  surfaces  to  make  a  smooth 
finish. 

(2)  Shovel  facing  by  working  the  mortar  of  concrete  to  the  (ace. 

Final  Set.^A  stage  of  the  process  of  setting  marked  by  certain  hardness.  (S^  Cement 
Specificaiions.) 

Flush. — (Adj.)     Having  the  surface  even  or  level  with  an  adjacent  surface. 

Flush.— (Verb.)  (l)  To  fill.  (2)  To  bring  to  a  level.  (3)  To  force  water  to  the  surface 
of  mortar  or  concrete  by  cumiwcting  or  ramming. 

Footing. — A  projecting  Ixjttom  course. 

Form,^A  temporary  structure  for  giving  concrete  a  desired  shape. 

Foundation. — (1)  That  portion  of  a  structure  usually  lH.*lowthe  surface  of  the  ground,  which 
distributes  the  pressure  upon  its  support.  (2)  Also  applied  to  the  natural  support  itself;  rock* 
clay,  etc. 

Foundation  Bed. — The  surface  on  which  a  structure  rests. 

Grout. — A  mortar  of  liquid  consistency  which  can  easily  be  poured. 

Header. — A  stone  which  has  its  greatest  length  at  right  angles  to  the  face  of  the  wall,  and 
which  bonds  the  face  stones  to  the  backing. 

Initial  Set — An  early  stage  of  the  process  of  setting,  marked  by  certain  hardness.  (See 
Cement  Specifications.) 

Joint — The  narrow  space  between  adjacent  stones,  bricks  or  other  building  blocks,  usually 
filled  with  mortar.  1 

Lagging- — Strips  used  to  carry  and  distribute  the  weight  of  an  arch  to  the  ribs  or  centering 
during  its  construction. 

Lewis. — A  four-piece  steel  instrument  used  in  lifting  stone.  (The  lewis  engages  the  stone 
by  means  of  a  tnangular-sha^^ed  hole  into  which  it  is  keyed.) 

Lock. — Any  spjecial  device  or  meth'xl  of  construction  used  to  secure  a  bond  in  the  work. 

Mortar. — A  mixture  of  fine  aggregate,  cement  or  lime  and  water  used  to  bind  together  the 
materials  ol  concrete,  stone  or  brick  in  masonry  or  to  cover  the  surface  of  the  same. 

Natural  Bed. — The  surfaces  of  a  stone  i>arallcl  to  its  stratification. 

Parapet. — A  wall  or  barrier  on  the  edge  of  an  elevated  structure  for  pn>tection  or  ornament. 

Paving. — Regularly  placed  stone  or  brick  forming  a  floor. 

Pier. — An  intermediate  support  for  arches  or  other  spans. 

Pitch.— (Verb.)     To  square  a  stone. 

Pitched. — Having  the  arris  clearly  defined  by  a  line  beyond  which  the  rock  is  cut  away  by 
the  pitching  chisel  so  as  to  make  approximately  true  edgc»s. 

Pointing. — ^Filiing  joints  or  defects  in  the  face  of  a  ma.sonr\'  stnirture. 

Retaining  Wail. — k  wall  for  sustaining  the  pressure  of  earth  or  filling  deposited  behind  it. 

Voussoirs. — The  individual  stones  forming  an  arch.  They  are  always  <rf  truncated  wedge 
form. 

Ring  Stones. — The  end  voussoirs  of  an  arch. 

Riprap. — Rough  stone  of  various  sizes  placed  compactly  or  irregularly  to  prevent  scour  by 
water. 

Rubble. — Field  stone  or  rough  stone  as  it  comes  from  the  quarry, 
massive  size  it  is  termed  blrx:k  rubble. 

Rubbed. — A  fine  finish  made  by  rubbing  with  grit  or  sand  stone. 

Set — (Noun)      The  change  from  a  plastic  to  a  solid  or  hard  state. 

Slope  Wall.^;\  wall  to  protect  the  slope  erf  an  embankment  or  cut. 

Soffit. — The  under  side  of  a  projectinn. 

Spall. — fNoun).     A  chip  or  small  piece  of  stone  broken  from  a  large  block. 

Spandrel  Wall. — The  wall  at  the  end  of  an  arch  above  the  springing  line  and  extrado*  of  th» 
arch  and  bdow  the  roping  or  the  string  course. 

Stretcher. — A  stone  which  has  its  greatest  length  parallel  to  the  face  of  the  wall 

Wing  WalL — An  extension  of  an  abutment  wall  to  retain  the  adjacent  earth. 


When  it  is  of  a  large  or 


SPECIFICATIOXS   FOR  STONE   MASONRY.* 


Geseral. 

1.  Standard  SpecificatioiiB. — The  classification  of  masonry  and  the  requirements  for  cement 
concTcle  shall  Ix?  ih">ic  adopted  by  the  American  Railway  Engineering  A!i$ociation. 

2.  Engineer  Defined. — Where  the  term  "Engineer"  is  used  in  these  specifications,  it  refers 
to  the  engineer  actually  in  charge  of  the  work. 

General  Requirements. 

3.  Stone. — Stone  shat!  be  of  the  kinds  designated  and  shall  be  hard  and  durable,  of  approved 
quality  and  shape,  free  from  seams,  or  other  imperfections.  Unseasoned  stone  shall  not  be  used 
where  liable  to  mjur>'  by  frost. 

4.  Dressing. — iSreasing  shall  be  the  be^  of  the  kind  speci6ed. 

5.  Beds  and  joints  or  builds  shall  be  square  with  each  other,  and  dressed  true  and  out  of 
wind.     Hollow  beds  shall  nut  be  permitted. 

6.  Stone  fehall  be  dresM^d  for  laying  on  the  natural  bed.  In  all  cases  the  bed  shall  not  be 
less  ihan  the  rise. 

7.  Marginal  drafts  shall  be  neat  and  accurate. 

8.  Pitching  shall  Ix;  done  to  true  lines  and  exact  batter. 

9.  Mortar. — Mortar  shall  be  mixetl  in  a  suitable  box,  or  in  a  machine  mixer,  preferably  of 
the  batch  type,  and  shall  be  kept  free  from  foreijin  matter.  The  size  of  the  batch  and  the  pro- 
portions and  the  consistency  shall  be  as  directed  by  the  engineer.  When  mixed  by  hand  the  sand 
and  cement  shall  lie  mixed  dr>',  the  requisite  amount  of  water  then  added  and  iho  mixing  continued 
until  the  cement  is  uniformly  distributed  and  the  mass  is  uniform  in  color  and  homogeneous. 

to.  Laying. — The  arrangement  of  courses  and  bond  shall  be  as  indicated  on  the  drawings,  or 
as  directcfl  by  the  engineer.  Stone  shall  Iw  laid  to  exact  lines  and  levels,  to  give  the  required  bond 
and  thickness  of  mortar  in  t>fds  and  joints. 

11.  Stone  shall  be  cleansed  and  dampened  before  laying. 

12.  Stone  shall  be  well  bonded,  laid  on  its  natural  bed  and  solidly  settled  into  place  in  a  full 
bed  of  mortar. 

I  j.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be  placed  without  jarring  stone 

L already  laid. 
14.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a  course  is  laid. 
15.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid  with  fresh  mortar. 
t6.  Stone  shall  mtt  be  laid  in  freezing  weather,  unless  directed  by  the  engineer.     If  laid, 
it  shall  be  freed  from  ice.  anow  or  frost  by  warming;  the  sand  and  water  used  in  the  mortar  shall 
be  heated. 
17.  WHth  prccaulion,  a  brine  may  be  substituted  for  the  heating  of  the  mortar.     The  brine 
ttall  consist  of  one  |x>uncl  of  salt  to  eighteen  gallons  of  water,  when  the  temfierature  is  X3  degrees 
PUircnhcit;  for  every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce  ofsalt  shall 
be  added. 

]8.  Pointing. — Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be  removed  to  a  depth  of 
not  less  than  one  (i)  in.  Pointing  shall  not  be  done  untd  the  wall  is  complete  and  mortar  set; 
nor  when  frost  is  in  the  stone. 

19    Mortar  for  pointing  shall  consist  of  equal  parts  of  sand,  sieved  to  meet  the  requirements, 
and  Portland  cement.     In  poinlini?,  the  joints  shall  !>c  wet,  and  filled  with  mortar,  pounded  in 
with  a  "set -in"  or  calking  tool  and  finished  with  a  beading  tool  the  width  of  a  jointi  used  with  a 
H      straight-edge. 


I 
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Bridge  and  Retaintng  Wall  Masonry — Ashlar  Stone. 


20.  Bridge  and  Retaining  Wall  Masonry.  Ashlar  Stone. — The  stone  shall  be  large  and 
well  proportioned.  Courses  shall  not  l>c  less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in. 
thick,  thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

3t.  Dressing. — Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed,  so  that  the 
mortar  layer  slioitld  not  be  more  than  one-half  {\)  in.  thick  when  the  stone  is  laid. 

23.  loints  in  face  stone  shall  be  full  to  the  scjuare  for  a  depth  equal  to  at  least  one-half  the 
height  of  the  course,  but  in  no  case  less  than  twelve  (12)  in. 

*  .\do|7tcd  by  ^'^mcrican  Railway  Engineering  Association. 
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23.  Fftce  or  Surface. — Exposetl  surfaces  of  the  face  stone  shall  be  rock-facod,  and  edges  pitched 
to  the  true  lines  and  exact  batter;  the  face  shall  not  project  more  than  three  (3)  in.  beyond  the 
pitch  line. 

24.  Chisel  drafts  one  and  one-half  (l })  in.  wide  shall  be  cut  at  exterior  corners. 

25.  Holes  for  stone  hooks  shall  not  be  permitted  to  show  in  exposed  surfaces.  Stone  shall 
be  hantJled  with  claiiips,  keys,  lewis  or  dowels. 

26.  Stretchers. — Strelchers  shall  not  be  less  than  four  (4)  ft.  long  and  have  at  least  one  and  a 
quarter  times  as  much  bt-d  as  thickness  of  course, 

37.  Headers. — Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy  one-fifth  of  face 
of  wall,  shall  not  be  less  than  eighteen  (iH)  in.  wide  in  face,  and.  where  the  coursic  is  more  than 
eighteen  (18)  in.  high,  width  of  face  shall  not  Ix-  less  than  heiyht  of  course. 

a8.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown  in  face,  so  arranged  that  a  header 
in  a  superior  course  shall  not  be  laid  over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the 
same  disposition  shall  occur  in  back  of  wall. 

29.  Headers  in  face  and  back  of  wall  shall  interlock  when  thickness  of  wall  will  admit. 

30.  Where  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone  shall  pass  entirely  through. 
Backing  shall  not  be  permitted. 

*^l-a.  Backing. — Backing  shall  be  large,  well-shaped  stone,  roughly  bedded  and  jointed; 
bed  joints  shall  not  exceed  one  (l)  in.  At  least  one-half  of  the  barking  stone  shall  be  of  same 
size  and  character  as  the  face  stone  and  with  parallel  ends.  The  vertical  joints  in  back  of  wall 
shall  not  exceed  two  (3)  in.     The  interior  vertical  joints  shall  not  exceed  tax  (6)  m.    Voids  shall 


be  thoroughly  filled  with  |^^ "'''''''*'• 


stiaiis,  fully  bedded  in  cement  tn&rtar, 
I  concrete. 

31-b.  Backing  shall  be  {  headers  and  stretchers,  as  specified  in  paragraphs  26  and  2^,  and 
\     ketiri  of  wall  filled  with  concrete. 

32.  Where  the  wall  will  not  admit  of  such  arran^jement,  stone  not  less  than  four  (4)  ft.  long 
shall  be  placed  transversely  in  heart  of  wall  to  bond  the  opposite  sides. 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall  be  less  than  eight  (8)  in. 
thick. 

34.  Bond. — Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be  less  than  twc!ve  (12) 
in.     Backing  shall  lie  laid  to  break  jcfints  with  the  face  stone  and  with  one  another. 

^5.  Coping. — Coping  stone  shall  be  full  size  throughout,  of  dimensions  indicated  on  the 
drawings. 

36.  Beds,  joints  and  top  shall  be  fine-pointed. 

37.  Location  of  joints  shall  be  deterinmetl  by  the  position  of  the  bed  plates,  and  be  indicated 
on  the  drawings. 

38.  l/ocks. — Where  required,  coping  stone,  stone  in  the  wings  of  abutment.s,  and  stone 
on  piers,  shall  be  secured  together  with  iron  clamps  or  doweU,  to  the  position  indicated  on  the 
drawings. 

Bridge  and  Retaining  Wall  Masonry — Rubble  Stone. 

39.  Dres^g. — The  stone  shall  be  roughly  sf)uarc<!,  and  laid  in  irregular  courses.  Beds  shall 
be  parallel,  rouj^hly  dresse*l,  and  the  stone  laid  horizontal  to  the  wall.  Face  joints  shall  not  be 
more  than  one  (1)  in.  thick.      Bottom  stone  shall  be  large,  selected  iJat  stone. 

40.  Laying. — The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the  surface  of  back 
and  face  headers  arranged  to  interlock,  having  all  voids  in  the  heart  of  the  wall  thoroughly  filled 

with  I  ^^f^^^'^- 

\  suitabie  stones  and  spalls,  fully  bedded  in  cement  mortar. 


Arch  Masonry — Ashlar  Stone. 

41.  Arch  Masonry,  Ashlar  Stone. — Voussoirs  shall  be  full  size  throughout  and  dressed  true 
to  templet,  and  shall  have  bond  not  lewi  than  thickness  of  stone. 

42.  Dressing. — Joints  of  vous-wirs  and  intradoa  shall  be  fine-pointed.     Mortar  joints  shall 
not  exceed  three-eighths  (J)  in. 

smooth. 

43.  Face  or  Surface. — Exposed  surface  of  the  ring  stone  shall  be 


44- 
45. 


rock  faced,  with  a  mariinai 
draft. 

Numl>er  of  courses  and  depth  of  vouasoirs  shall  be  indicated  on  the  drawings. 
Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 


•  Paragraphs  31 -a  and  31-b  arc  so  arranged  that  cither  may  be  eliminated  according  to 
requirements.     Optional  clauses  printed  in  italics. 
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46.  Backing. — Backing  shall  consist  of 


large  stone,  shaped  to  fit  (he  arcM  bonded  to  the  spandrel 
and  laid  in  full  bed  of  mortar. 

47.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  nnishing  coat,  ui>t>n  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

48.  Centers  sh.ill  not  be  Mnick  until  directed  by  the  engineer. 

49.  Bench  Walls,  Piers,  Spandrels,  etc. — Bench  walls,  piers,  spandrels,  parapets,  wing  walls 
and  coping!>  bhalt  be  built  under  the  specifications  for  Bridge  and  Relaining  Wall  Masonry, 
Ashlar  Stone, 

Arch  Masonry — Rubble  Stote. 

50.  Arch  Masonry,  Rabble  Stone. — Voussoirs  shall  be  full  sixe  throughout,  and  shall  have 
bond  not  les'*  than  thickness  of  vuu&soirs. 

51.  Dressing. — Beds  shall  be  roughly  dressed  to  bring  them  to  radial  planes. 

52.  Mortar  joints  shall  not  exceed  one  (1)  in. 

53.  Face  or  Surface. — Exposed  surfaces  of  the  ring  stone  shall  be  rxx:k-faced,  and  edges 
pitched  to  true  lines. 

54.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

(ontrele. 
larpc  stone,  shaped  to  fit  the  arch,  bonded  to  the  span~ 

drel,  and  laid  in  full  bed  of  mortar, 

56.  WTiere  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout  shall  be  applied  evenly 
for  a  finishing  coat,  upon  which  shall  be  placed  a  covering  of  approved  waterproofing  material. 

57.  Centers  shall  not  bo  struck  until  directed  by  the  engineer. 

58.  Bench  Walls,  Piers,  Spandrels,  etc. — Bench  walls,  piers,  spandrels,  parapets,  wing  walls 
and  copings  shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall  Masonrj', 
Rubble  Stone. 

CtTLVBRT   MaSOHRV. 


55.  Backing. — Backing  shall  consist  of 


59.  Culvert  Masonry. — Culvert  Masonry  shall  be  laid  in  cement  mortar.  Character  of 
stone  and  quality  of  work  shall  be  the  same  as  specified  for  Bridge  and  Retaining  Wall  Masonry, 
Rubble  Slnnc. 

60.  Side  Walls. — One-half  the  top  stone  of  the  side  walls  shall  extend  entirely  across  the 
wall. 

61.  Cover  Stones. — Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12)  in.  thick, 
or  as  indiratctl  on  the  drawings.  They  shall  be  roughly  dressed  to  make  close  joints  with  each 
other,  and  lap  their  entire  width  at  least  twelve  (12)  in.  over  the  side  walls.  They  shall  be  doubled 
under  high  embankments,  as  indicated  on  the  drawings. 

62.  End  Walls,  Coping. — End  walls  shall  be  covered  with  suitable  coping,  as  indicated  on 
tlie  drawings. 

Dry  Masonry. 

63.  Dry  Masonry. — Dry  Masonry  shall  include  dry  retaining  walls  and  slope  walls. 

64.  Retaining  Walls.— Retaining  Walls  and  Dr>'  Masonry  shall  include  all  wnlls  in  which 
rubble  stone  laid  without  mortar  is  used  for  retaining  embankments  or  for  similar  pur)K»seB. 

65.  Dressing. — Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used.  Beds  and  joints 
shall  be  rouRhly  dressed  square  to  each  other  and  to  face  of  stone. 

66.  biinlH  shall  not  exceed  three-quarters  (J)  in. 

67.  Disposition  of  Stone. — Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
face  of  wall,  Kcncrally  keeping  the  larger  stone  in  lower  part  of  wall. 

68  The  work  shall  be  well  bonded  and  present  a  reasonably  true  and  smooth  surface,  free 
from  holes  or  prnjections. 

69.  Slope  Walls. — Slope  Walls  shall  be  built  of  such  thickness  and  slope  as  directed  by  the 
engineer.  Stone  shall  not  be  used  in  this  construction  which  does  not  reach  entirely  throuKti  the 
wail.  Stone  ihall  \v  planed  at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the  embankment  which  it  is  to  protect. 
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SPECIFICATIONS  FOR   PLAIN   AND   REINFORCED   CONCRETE  AND  STEEL 

REINFORCEMENT.' 


Concrete  Materials. 

1.  Cement — The  cement  shall  be  Portland  and  shall  meet  the  requirements  of  the  standard 

spcctficationi^ 

2.  Fine  Ag:^egates. — Fine  aggregate  shall  consist  of  sand,  crushed  stone  or  gravel  screenings, 
graded  from  fine  to  coarse,  and  jjassinn  when  dry  a  scrvcn  having  i  in.  diameter  holes;  it  shall 
prcfcraMy  be  of  hard  siliceous  material,  clean,  free  from  dust,  soft  piirticlcs.  vegetable  loam  or 
other  deiclerious  matter,  and  not  more  than  6  per  cent  shall  pass  a  sieve  having  lOo  meshes  per 
linear  inch. 

3.  Tht;  fine  aggregate  shall  be  of  such  quality  that  mortar  composed  of  one  part  Portland 
cement  and  three  parts  fine  aggregate  by  weight  when  made  into  briquettes  shall  show  a  tensile 
strength  at  least  equal  to  the  strength  of  I  :  3  mortar  of  the  same  consistency  made  with  same 
cement  and  standard  Ottawa  sand.f 

4.  Coarse  Aggregates. — Ct>arse  aggregate  shall  consist  of  material  such  as  crushed  stone  or 
gravel  which  is  retained  on  a  screen  havmg  \  in.  diameter  holes  and  having  gradation  of  sizes  from 
the  smallest  to  the  largest  particles;  it  shall  be  clean,  hard»  durable  and  free  from  all  deleterious 
matter.     Aggregates  containing  dust,  soft  or  elongated  panicles  shall  not  be  used. 

5.  Water. — The  water  used  in  mixing  concrete  shall  be  free  from  oil,  acid,  and  injuriotia 
amounts  of  alkalies  or  vegetable  matter. 


Steel  Reinforcement. 
Steel  shall  be  made  by  the  open-hearth  process.     Rerolled  material  will 


Bars  and 


6.  Manufacture 
not  be  accepted. 

7.  PLilcs  and  shapes  used  for  reinforcement  shall  be  of  structural  steel  only 
wire  may  be  of  structural  steel  or  high  carbon  s-teel. 

8.  Schedule  of  Requirements. — The  chemical  and  physical  properties  shall  conform  to  the 
fallowing  limits: 


ElemenU  Coaiideied. 

Suucluril  Steel. 

HiKb  Cartwn  Steel. 

Phosphorus,  max. .  |  j^^f^ 

Sulphur,  maximum 

0.04  per  cent 
0.06  per  cent 
0.05  per  ccn  t 

0.04  per  cent 
0.06  per  cent 
0.05  per  cent 

Uhimaic  tensile  strength  in  pounds  per  square 
inch 

Desired 
60,000 
i,500.ooot 

Desired 
88,000 

T, 000, 000 

Ult.  tensile  strength 
Silky  or  Jinely 

granular 
180*  d  =  4i§ 

Elong.,  min.  per  cent  in  8  in.,  Fig.  I J 

Character  of  Fracture 

Ult.  tensile  strength 
SUky 

180*  flat 

Cold  Bends  without  Fracture . 

g.  Yield  Point. — The  >ield  point  for  bars  and  wire,  as  indicated  by  the  drop  of  the  beam, 
shall  be  not  less  than  60  per  cent  of  the  ultimate  tensile  strength. 

10.  Allowable  Variations. — If  the  ultimate  strength  varies  more  than  4,000  lb.  for  structural 
steel  or  6,o<x)  lb.  for  high  carbon  steel,  a  retcst  shall  be  made  on  the  same  pge,  which,  to  be  ac- 
ceptable, shall  be  within  5,000  lb.  for  structural  steel,  or  8,000  lb.  for  high  carbon  steel,  of  the 
desired  ultimate. 

•  Adopted  by  the  American  Railway  Engineering  Association. 

fThis  sand  may  be  obtainc<l  from  the  Ottawa  Silica  Company  at  a  cost  of  2  cts.  per  lb. 
f.  o.  b.  cars,  Ottawa.  111. 
t  See  paragraph  15. 
%*'d  =  4/"  signifies  "around  a  pin  whose  diameter  is  four  times  the  thickness  of  the  sp>ccimcn." 
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SPECIFICATIONS  FOR  PLAIN 


\D  REINFORCED  CONCRETE. 


11.  Chemical  Analyses. — Chemical  dctcrminacions  of  the  pcncentages  of  carbon,  phosphorus, 
hur  aniJ  nianganc-sf  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time 
ic  pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 

incer  or  his  inspector.     Check  analysis  shall  be  made  from  finished  material,  if  called  for  by 
railroad  company,  in  which  case  an  excess  of  35  per  cent  above  the  required  limits  will  be 
allowed. 

12.  Form  of  Specimens. — Ptatesi  Shapes  and  Bars:  Specimens  for  tensile  and  bending 
tests  for  plates  ami  &ha|jes  shall  be  made  by  cutting  coujjons  from  the  finisht-'d  product,  which 
shall  have  both  fares  rolled  and  l>oth  ed^jes  milled  to  the  form  shown  by  I-'ig.  I ;  or  with  both  edges 
parallel;  or  they  may  be  turned  to  a  diameter  of  }  in.  with  enlarged  ends. 

13.  Bars  shall  be  tested  in  their  finished  form. 


;*.AboutiV    JyPiistt^JsysejwtWjW^^        5Aboat*!:^ 


/IH 


i 


-About  IS' 


Fig.  I. 


Wumber  of  Tests. — At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt 
as  rvjllud.      In  case  steel  differing  I  in.  and  more  in  thickness  is  rolled  from  one  melt,  a 
te«t  shall  be  made  from  the  thickest  and  thinnest  material  rolled. 

15.  Modifications  in  Elongation. — For  material  less  than  ^f  in.  and  more  than  f  in.  in  thick- 
the  following  modifications  will  be  allowed  in  the  requirements  for  elongation: 

(a)  For  each  -^  in.  in  thickness  below  ^  in.  a  deduction  of  2§  will  be  allowe<l  from  the  speci- 
fied percentage. 

(b)  For  each  I  in.  in  thickness  above  J  in.,  a  deduction  of  I  will  be  allowed  from  the  specified 

pcrrcntage. 

16.  Bendinc  Tests. — Bending  test  may  be  made  by  pressure  or  by  blows.  Shapes  and  bars 
\em  than  one  inch  thirk  shall  bend  as  called  for  in  paragraph  8. 

1 7.  Thick  Material. — Teat  specimens  one  inch  tnicka  ntl  over  shall  bend  cold  i  So  degrees  around 
apin,  theduimeterof  which,  for  structural  steel,  is  twice  the  thicknessof  the  specimen,  and  for  high 
carbon  steel,  is  six  times  the  thickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

18.  Finish. — Finished  material  shall  Ix;  free  from  injurious  seams,  flaws,  cracks,  defective 
edges  or  other  defects,  ami  have  a  smooth,  uniform  and  workmanlike  finish. 

19.  Stamping. — Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of 
the  manufacturer  stamped  or  rolled  upon  it,  except  that  bar  steel  and  other  small  parts  may  be 
bundled  with  the  alw>ve  marks  on  an  attached  metal  tag. 

20.  Defective  Material. — Material  which,  subsequent  to  the  above  tests  at  the  mills,  and  its 
acceptance  there,  develops  weak  spots,  brittleness,  cracks  or  other  imperfections,  or  is  found  to 
have  injurious  defects,  will  be  rejected  and  shall  be  replaced  by  the  manufacturer  at  his  own  cost- 

21.  Rcinfordng  steel  shall  be  free  from  excessive  rust,  loose  scale,  or  other  coatings  of  any 
character,  which  would  reduce  or  destroy  the  bond. 

WORKMANSBIP. 

33.  0nit  of  Measure. — The  unit  of  measure  shall  be  the  cubic  foot.  A  bag  containing  not 
les8  than  04  lb.  of  cement  shall  be  assumed  as  one  cubic  foot  of  cement.  Fine  and  coarse  aggre- 
gates shall  l>e  measured  sefiaratcly  as  loosely  thrown  into  the  measuring  receptacle. 

31.  Relation  of  Fine  and  Coarse  Aggregates. ^The  fine  and  coarse  aggregates  shall  be  used 
in  aucn  relative  proportions  as  will  insure  maximum  density. 
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24.  Proportions, — The  proportions  of  materials  for  the  different  classes  of  concrete  shall  be 
as  [olluw»^: 


CLofls. 

Use, 

Cement. 

AMfeeatea.                               | 

Fmc. 

Couic 

Note: — This  blank  to  be  fiTlctl  for  each  contract. 


25.  For  plain  concrete,  a  proportion  of  T  :  9  (unless  otherwise  specified)  shall  be  used,  i.  c., 
one  part  of  cement  to  a  total  of  nine  fwrts  of  fine  and  coarse  aggregates  m^asurtd  sfparatfly;  for 
example,  i  cement,  3  fine  aggregate.  6  coarse  aggregate. 

26.  For  reinforced  concrete  a  proportion  of  I  ^  6  (unless  otherwise  specified)  shall  be  used, 
i.  e.,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggregates  measured  separaUly\ 
for  example,  i  cement,  2  fine  aggregate,  and  4  coarse*  aKKregatc. 

27.  Mixing. — The  ingredients  of  concrete  shall  be  thoroughly  mixed  to  the  desired  con- 
sistency, and  the  mixing  shall  continue  until  the  cement  is  uniformly  distributed  and  the  mass 
is  uniform  in  cohir  and  nomogeneous. 

28.  Measuring  Proportions. — The  variotis  ingredients,  including  the  water,  shall  be  measured 
senanitely.  and  the  meihoda  of  measurement  shall  be  such  as  to  secure  the  proper  proportions  at 
all  limes. 

2g.  Machine  Mixing. — A  machine  mixer,  preferably  of  the  batch  type,  shall  be  used,  wher- 
ever the  volume  of  the  work  will  justify  the  expense  of  installing  the  plants  The  requirement* 
demanded  are  that  the  product  delivered  shall  be  of  the  specified  profjortions  and  consistency 
and  thoroughly  mixed. 

30.  Hand  Mixing. — When  it  is  necessary  to  mix  by  hand,  the  mixing  shall  be  on  a  watertight 
platform  of  sulhcient  size  to  accommodate  men  and  materials  for  the  progressive  and  rapid  mixmg 
of  at  least  two  batches  of  concrete  at  the  same  time.  Batches  shall  not  exceed  one-half  cubic 
yard  each.  The  mixing  shall  be  done  as  follows:  The  fine  aggregate  shall  be  spread  evenly  upon 
the  platform,  then  the  cement  upon  the  fine  aggregates,  and  these  mixed  thoroughly  until  of  an 
even  color.  The  water  necessary  to  mix  a  thin  mortar  shall  then  be  added  and  the  mortar  spread 
again.  The  coarse  aggregates,  which,  if  dry,  shall  first  be  thoroughly  wetted  down,  shall  then 
be  added  to  the  mortar.  The  mass  shall  then  be  turned  with  shovels  or  hoes  until  thomughly 
mixed  anfl  all  the  aggregate  covered  with  mortar.  Or.  at  the  option  of  the  engineer,  the  coarse 
aggregate  may  be  added  before,  instead  of  after,  adding  the  water. 

31.  CoDSistency. — The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such 
consistency  that  it  will  flow  into  the  forms  and  al>out  the  metal  reinforcement,  and  which,  on 
the  other  hand,  can  be  conveyed  from  the  place  of  mixing^to  the  forms  without  separation  of  the 
coarse  aggregate  frnm  the  mortar. 

32.  Retempering.— Rctrmpering  mortar  or  concrete,  i  e.,  remixing  with  water  after  it  has 
partially  set,  wdl  not  be  permitted. 

33.  Placing  of  Concrete. — Concrete  after  the  completion  of  the  mixing  shall  !»  handled 
rapidly  to  the  [>lace  of  final  deposit  and  under  no  circumstances  shall  concrete  be  used  that  has 
partially  set  before  final  placing. 

3^.  The  concrete  shall  be  deposited  in  such  a  manner  as  will  prevent  the  separation  of  the 
ingredients  and  permit  the  most  thorough  compacting.  It  shall  be  compacted  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in 
their  proper  place  and  the  surplus  water  is  forced  to  the  surface.  In  general,  except  in  arch  work, 
all  concrete  must  be  deposited  in  horizontal  layers  of  uniform  thickness  throughout. 

35.  In  depositing  concrete  under  water,  special  care  shall  be  exercised  to  prevent  the  cement 
from  floating  away  and  to  prevent  the  formation  of  laitame. 

36.  Before  depositing  concrete  the  forms  shall  be  thoroughly  wette<l  (except  in  freezing 
weather)  or  oiled,  and  the  space  to  be  occupied  by  the  concrete  cleared  of  debris, 

37-  Before  placing  new  concrete  on  or  against  concrete  which  has  set,  the  surface  of  the  latter 
shall  be  roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  drenched  and  slushed 
with  a  mortar  consisting  of  one  part  Portland  cement  and  not  more  than  two  parts  fine  aggregate. 

38.  The  faces  of  concrete  exposed  to  premature  drying  shall  be  kept  wet  for  a  period  of  at 
least  three  days. 
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39.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unlcs.1  siietial  prccuaiiun:^,  approved  by  the  engineer,  are  taken  to  avoid  the  use  of  materials 
covere<i  with  ice  cr>'5tais  or  containing  frost  and  to  provide  means  to  prevent  the  concrete  from 
freezing. 

The  author  has  used  the  following  specification  for  depositing  concrete  in  freezing  weather; — 
When  Ihf  Umperalure  of  the  air  is  Uhw  40"  F.  during  the  time  of  mixing  and  placing  concrete,  the 
water  used  in  mixing  concrete  shall  he  heated  to  such  a  temperature  that  the  temperature  of  the  concrete 
mixture  shall  not  be  less  than  60°  when  it  reaches  Us  final  position  in  the  forms.  Care  shall  be  used 
thai  the  cement  shall  not  he  injured  by  boiling  water. 

40.  Rubble  Concrete. ^Whrru  the  concrete  is  to  be  deposited  in  massive  work,  clean.  lar^e 
stones,  e%'cnly  distributetl,  thoroughly  bedded  and  entirtdy  surrounded  by  concrete,  may  be 
use<l,  at  the  option  of  the  engineer. 

41.  Forms. — Forms  shall  l>e  subsuntia!  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contouRi,  and  so  constructed  as  to  prevent  the  leakage 
of  mortar. 

42.  The  forms  sh.ill  not  be  removed  until  authorii:ed  by  the  engineer, 

43.  For  all  important  work,  the  lumber  used  for  face  work  shall  be  dressed  toa  uniform  thick- 
ness and  width;  shall  be  sound  and  frcu  from  Itxjse  knots  and  secua'd  to  the  studding  or  uprights 
in  horizontal  lines. 

44.  For  hackings  and  other  rough  work  undressed  lumber  may  he  used. 

45.  Where  corners  of  the  masonry  and  other  projections  liable  to  injury  occur,  siutable  mold- 
ings shall  be  placed  in  the  angles  of  the  forms  to  round  or  bevel  them  off. 

46.  Lumber  once  used  in  forms  shall  be  cleaned  before  being  used  again. 

47.  The  reinforcement  shall  be  carefully  placed  in  accordance  with  the  plans,  and  adequate 
means  sh;dl  be  provided  to  hold  it  in  its  proper  position  until  the  concrete  has  been  deposited 
and  compacted. 

Details  of  Consthuction. 

48.  Splicing  Reinforcement. — Wherever  it  is  necessaiv  to  splice  the  reinforcement  otherwise 
than  as  shown  on  the  plans,  the  character  of  the  spHce  shall  be  decided  by  the  enginuer  on  the 

lis  of  the  safe  lx>nH  stress  and  the  stress  in  the  reinforcement  at  the  point  of  splice.     Splices 
ill  not  Ik*  made  at  points  of  maximum  stress. 

49.  Joints  in  Concrete. — Concn-te  structures,  wherever  possible,  shall  be  cast  at  one  opera- 
tion, but  when  this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair 
the  strength  and  appearance  of  the  structure. 

50.  Girders  and  slabs  shall  not  be  constructed  over  freshly  formed  walls  or  columns  without 
permitting  a  period  of  at  least  four  hours  to  elapse  to  provide  for  settlement  or  shrinkage  in  the 
supports.  Before  resuming  work,  the  tops  of  such  walla  or  columns  shall  l>c  cleaned  of  foreign 
matter  ami  laitance. 

51  .\  triangular-shaped  groove  shall  be  formed  at  the  surface  of  the  concrete  at  vertical 
joints  in  walls  and  abutments. 

52  Surface  Finish. — Except  where  a  special  surface  finish  is  required,  a  spade  or  special 
tool  shall  always  be  worked  between  the  concrete  and  the  form  to  force  back  the  coarse  aggre- 
gates and  produce  a  mortar  face. 

.S,V  Top  Surfaces. — Top  surfaces  shall  generally  be  "struck"  with  a  straightedge  or  "floated" 
after  the  coars*-  a^KreKates  nave  l)een  forced  Ixdow  the  surface. 

54.  Sidewalk  Finish. — Where  a  "  sidewalk  finish"  is  called  for  on  the  plans,  it  shall  be  made 
by  spreading  a  layer  of  I  :  2  mortar  at  least  J  in.  thick,  troweling  the  same  to  a  smooth  surface. 
This  finishing  coat  shall  be  put  on  before  the  coocrcte  has  taken  its  initial  set. 
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REFERENCES. — Plain  masonry  and  concrete  abutments  and  piers,  only,  have  been  con- 
sidered in  this  chapter.     The  following  books  may  be  consulted  for  additional  information. 

Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  design 
of  masonry,  plain  and  reinforced  concrete  abutments  and  piers,  and  the  different  methods  of 
constructing  abutments  and  piers. 

Fowler*s  "  Ordinary  Foundations,"  John  Wiley  &  Sons,  gives  a  full  discussion  of  the  de^gn 
and  construction  of  abutments  and  piers,  with  special  attention  given  to  the  coffer  dam  process. 

Jacoby  and  Davis'  *'  Foundations  of  Bridges  and  Buildings,"  McGraw-Hill  Book  Co.,  gives 
a  full  discussion  of  the  design  and  construction  of  abutments  and  piers. 

Bulletin  140  of  the  Am.  Ry.  Eng.  Assoc,  has  an  article  on  the  Design  of  Railway  Bridge  Abut- 
ments by  Mr.  J.  H.  Prior,  Asst.  Engineer,  C.  M.  &  St.  P.  Ry.  This  article  describes  in  detail 
the  standard  plain  and  reinforced  concrete  abutments  used  by  the  C.  M.  &  St.  P.  Ry. 


CHAPTER  VII. 
Timber  Bridges  and  Trestles. 

Definitions. — The  following  definitions  have  been  adopted  by  the  Aroencan  Railway  Engi- 
Dcering  Association. 

Wooden  Trestle. — A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

Frame  Trestle. — A  structure  in  which  the  upright  members  or  supports  arc  framed  timbers. 

Pile  Trestle. — A  structure  in  which  the  upright  mcmlxTs  or  supports  arc  pilfs. 

Bent. —  The  group  of  members  forming  a  single  vertical  support  of  a  trestle,  designated  as 
pile  bent  where  the  prinripixl  members  arc  piles,  ami  as  framed  bent  where  of  framed  timbers. 

Post— One  of  the  vertical  or  battered  menilx-ra  of  the  bent  of  a  framed  trestle* 

Pile. — (See  definition  under  subject  of  Piles  and  I'ile  Driving.) 

Batter. — A  deviation  fnim  the  vertical  in  upright  members  of  a  bent. 

Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 
bent. 

Sill, — A  lower  horizfjntal  memlx^r  of  a  framed  bent. 

Sub-SiU. — A  limber  Iwdded  in  the  ground  to  support  a  framed  bent. 

Intermediate  Sill. — A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 
to  which  the  posts  arc  framed. 

Sway  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 
face. 

Longjitudinal  Stmt  or  Girt — A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Longitudinal  X-Brace. — A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Sash  Brace. ^A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 

Stringer. — .^  longitudinal  member  extending  from  bent  to  bent  and  supporting  the  ties. 

Jack  Stringer. — .\  strinRcr  placed  outside  of  the  line  of  main  stringers. 

Tie.— -A  transverse  timber  resting  on  the  stringers  and  supporting  the  rails. 

Gtuird  Rail. — A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  tics  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Guard  Timber. — A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  tics. 

Packing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
member  in  their  proper  relative  {M)sitiQns. 

Packing  Spool  or  Separator. — A  small  casting  us-^  in  connection  with  packing  bolts  to 
■ecurr  the  siveral  parts  of  a  composite  member  in  their  proper  relative  pottilions. 

Drift  Bolt— .'V  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

Dowel. — An  iron  or  wo<xlen  pin,  extending  into,  but  not  through,  two  members  of  the  struc- 
ture to  connect  them. 

Shim. — A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  desired  relative  position. 

Fish-PIate.— A  short  piece  lapping  a  joint,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

Bulkhead.— A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

SxHutrruKAL  Timbrh. 

Dvlbiitions. — The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering .Association. 

Timber, — A  single  stick  of  wood  of  regular  cross-section. 

Cross-Section.— A  section  of  a  stick  at  right  angles  to  the  axis. 

True.pOf  uniform  cross -sect  ion.  Defects  are  caused  by  wavy  or  jagged  sawing  or  consist 
of  trapi'2'>idal  instead  of  rectangular  cross-sections. 
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Axis.^Thc  line  connecting  ihc  centers  of  successive  cross-sections  of  a  stick. 
Straight. — Having  a  straight  line  for  an  axis. 

Out  of  Wind. — Having  the  longitudinal  surfaces  plane.  M 

Full  Length. — Long  enough  to  "square"  up  to  the  length  specified  In  the  order.  ■ 

Corner. — The  line  of  intersection  uf  the  planes  of  two  adjacent  longitutlinal  surfaces.  I 

Girth. — The  perimeter  of  a  croHs-section.  I 

Side. — Eithtir  of  the  two  wider  longitudinal  surfaces  of  a  stick.  m 

Edge. — Kither  oi  the  two  narrower  longitudinal  surfaces  of  a  stick.  ■ 

Face.^The  surface  of  a  stick  which  is  exiTOScd  to  \*iew  in  the  finished  structure.  " 

Sapwood. — A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  within. 

It  may  be  of  uneven  thickness. 

Heartwood.— The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwotKl. 

It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 

differtnt  in  color. 

Springwood.^The  inner  part  t)f  the  annua!  ring  formed  in  the  earlier  part  of  the  acasoa, 

not  necessarily  in  the  spring,  and  often  containing  vessels  t>r  pores. 

Siunmerwood. — The  outer  fxirt  of  the  annual  ring  funned  later  in  the  season,  not  necessarily 

in  the  Slimmer,  being  usually  dense  in  structure  and  without  conspicuous  pores. 

Decay. — Complete  or  partial  disintegration  of  the  cell  walls,  due  to  the  growth  of  fungi. 

Sound. — Free  from  decay. 

Solid. — Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breaks, 

loose  slivers,  and  worm  or  insect  holes, 

Wane. — A  deficient  corner  due  to  curvature  or  to  ta|)cr  of  the  log. 

Square  Cornered. — Free  from  wane. 

Knot-^The  hard  mass  of  wixkJ  formed  in  a  trunk  at  a  branch,  with  the  grain  di.'^tinct  and 

separate  from  the  grain  of  the  trunk. 

Cross-Grain. — The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  of 

parallel  with  the  axis. 

Wind  Shake. — A  crack  or  Bssurc,  or  a  series  of  them,  caused  during  growth. 

Standasu)  Defects  op  Structural  Timber.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  termed  natural 
defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  significance  in  the  grading  of  structural  timber: 

Sound  Knot. — A  sound  knot  is  one  which  is  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it-  It  may  be  cither  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will 
retain  its  placr  in  the  piece. 

Loose  KnoL — A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Pith  Knot. — A  pith  knot  is  a  sound  knot  with  a  pilh  ht>le  not  more  than  \  in.  in  diamcterf 
in  the-  renter. 

Encased  Knot. — An  encased  knot  is  one  which  is  surrounded  wholly  or  in  part  by  bark  or 
pitch  Where  the  en-jasenu-nt  is  less  than  |  in.  in  width  on  each  side,  nor  exceeding  one^half  the 
circumference  of  the  knot,  it  shall  be  considered  a  wiunf!  knot. 

Rotten  Knot.— A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot.— A  pin  knot  is  a  sound  knot  not  over  (  in.  in  diameter. 

Standard  Knot. — A  standard  knot  is  a  sound  knot  not  nwr  ij  in.  in  diameter. 

Large  Knot. — ,\  large  knot  is  a  sound  knot,  more  than  i  J  in.  in  diameter. 

Round  Knot.— A  round  knot  is  one  which  is  ov.il  or  circular  in  form. 

Spike  Knot. — A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — Pitch  pockets  arc  openings  between  the  grain  of  the  wood,  containing  more 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  pitch  pockets. 

Smail  Pitch  Pocket. — (a). — A  small  pitch  pocket  is  one  not  over  \  in.  wide. 

Standard  Pitch  Pocket.— (b).— A  standard  pitch  pocket  is  one  not  over  |  in.  wide  nor  over 
3  in.  in  length. 

I^irzr  Pitch  Pockrt. — (c). — A  large  pitch  pocket  ia  one  over  J  in.  vnAf,  or  over  3  in.  in  length. 

Pilch  Streak.— .\  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  graine<l  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch,  il 
ahall  not  be  considered  a  defect. 

•Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  8»  tgoT. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holea  shall  be  considered  as  the  mean 
or  average  diameter  in  all  cases. 


Shakes. — Shakes  are  splits  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  Iji^-twecn  annual  rings. 

Ring  Shake. — An  opening  between  annual  rings. 

Through  Shakes. — A  shake  which  extends  between  two  faces  of  a  timber. 

Rot,  Dote  and  Red  Heart. — Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots^  shall  Ix; 
considered  as  a  defect. 

Wane. — (See  definition  under  the  subject  of  Structural  Timber.) 

J^'oU. — See  additional  definitions  of  defects  under  Structural  Timber. 


Piles  and  Pilb  Driving.* 

The  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

Pile. — A  meml>er  usually  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
underlying  strata,  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
pile  arc:  (a)  to  carr>'  a  supcrimpo»o<l  li>ad;  (b)  to  comp^ict  the  surrounding  ground;  (c)  to  form  a 
wall  to  excltide  water  and  soft  material,  or  to  resist  the  lateral  pressure  of  adjacent  ground. 

Head  of  Pile, — The  upper  end  of  a  pile. 

Foot  of  Pile. — The  lower  end  of  a  pile. 

Butt  of  Pile. — The  larger  end  of  a  pile. 

Tip  of  Pile. — The  smaller  end  of  a  i>ile. 

Bearing  Pile. — f)ne  used  to  carry  a  supcrimpoftcd  load. 

Screw  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 
area. 

Disc  Pile. — One  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  Wle.^^ne  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 

Sheet  Pile. — Piles  driven  in  close  Djntact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
of  water  and  sift  materials,  or  driven  to  rt-sist  the  lateral  pressure  of  adjacent  ground. 

Pile  Driver. — A  machine  for  driving  piles. 

Hammer. — A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steam  Hammer. — One  which  is  automatically  raised  and  drc»pped  a  comparatively  short 
distance  by  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  whicli  follows  the  pile. 

Leads. — The  upright  parallel  members  of  a  pile  driver  which  support  the  sheaves  used  to 
hoist  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — A  bhitk  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving. 

Ring. — A  metal  hoop  u«hI  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — A  member  interp<3sed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
latter  -w-hrn  U'low  the  foot  of  the  leads. 

PILE-DRIVING — Principles  of  Practice. — (i)  A  thorough  exploration  of  the  soil  by  borings, 
or  prtrlirninary  test  piles,  is  the  most  important  prerequisite  to  the  design  and  construction  of 
pile  foundations. 

(3)  The  cost  of  exploration  is  frequently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
due  to  lark  of  information. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
or  in  greatly  im-rease<l  c»>st. 

(4)  The  proper  diameter  an  1  length  of  pile,  and  the  method  of  drixnng  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  arc  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  arc  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  hanler  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  anr!  pressure  Ik*  prontled. 

(7)  In  clay  it  may  Iw  economical  to  Vwre  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
driving  the  pile,  thus'stvuring  the  accurate  location  of  the  pile,  and  its  lubrication  while  Ix-ing 
driven. 

(8)  In  general,  the  water  jet  should  not  be  att.^chcf!  to  the  pile,  but  handled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  caws  a  ihtrd  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  materia!  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be 
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dif^patcd  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile,  the  utility  of  the  jet  is  uncer- 
Uiin,  except  fur  a  part  of  the  penetration. 

(i  I )  A  steam  or  drop  hammer  should  be  used  in  coimection  with  the  water  jet,  and  used  to 
test  the  final  rate  of  penetration. 

(13)  The  use  of  the  water  jet  is  one  of  the  most  efTective  means  of  avoiding  injury  to  piles 
by  overdriving. 

(13)  There  h  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  is 
also  indicated  by  the  bending,  kicking  or  staggering  uf  the  pile. 

(14)  The  broomitig  of  the  head  of  a  pile  distiif>ates  a  part,  and  in  some  cases  a!l,  of  the  energy 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steam  hammer  is  more  effective  than  the  drop  hammer  in  securing  the  penetration 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shuck  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  l>e  used  instead  of  the  drop  hammer.  This  is  espticially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  general,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon 
skin  friction,  is  materially  increased  after  a  period  uf  rest.  This  period  may  be  as  short  as  fifteen 
minutes,  and  rarely  exceeds  twelve  hours. 

(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  low  tide  is  increased  at  high  tide  on 
account  of  the  extra  compression  of  the  soil. 

(20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  stratum 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

(21)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  luading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(32)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the  results  of  loading 
test  piles  should  not  be  depended  u|>on  unless  thuy  are  sufficient  in  number  to  insure  their  action 
in  a  simitar  manner,  and  they  are  stayed  against  Lateral  motion. 

(33)  Before  testing  the  i»nctration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  re&t  for  34  hours  after 
driving. 

(24)  Where  the  resistance  of  piles  depends  mainly  ufwn  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  arc  to 
pass  to  a  firm  bearing  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  rcrao\xd  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(26)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6>in.  square 
at  the  end. 

(27)  Piles  should  not  be  pointed  when  driven  into  soft  material. 

(28)  Shoes  should  be  provided  for  piles  when  the  driving  is  x'cry  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructe<i  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  cap  is  advantageous  in  distributing  the  impact  of  the  hammer  more  uni- 
formly ox-er  the  head  of  the  pile,  as  well  as  to  hold  it  in  position  during  driving. 

(30)  The  specification  relating  to  the  penetration  of  a  pile  should  l»c  adapted  to  the  soil  which 
the  pile  is  to  penetrate. 

(3 0  It  is  far  more  important  that  a  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  lu  penetration  should  be  a  specified  distance  under  a  given  blow,  or  series  of 
blows. 


SPECIFICATIONS  FOR  TIMBER  PILES.* 


Railroad  Heart  Grade. 

1.  ThU  grade  includes  white,  burr,  and  post  nak,  longlcaf  pine,  Douglas  fir,  tamarack,  Eastern 
white  and  red  rodar,  chestnut,  Western  cedar,  redwood  and  cyprv*ss. 

2.  Piles  shall  be  cut  from  sound  trees;  shall  be  close  grained  and  solid,  free  from  defects,  such 
as  injurious  ring  shakes,  laqctc  and  unsound  or  loose  knots,  decay  or  other  defects,  which  may 
materially  impair  their  strength  or  durability.  In  Eastern  red  or  white  cedar  a  small  amount  of 
heart  rot  at  the  butt,  which  does  not  materially  injure  the  strength  of  the  pile,  will  be  allowed. 

3.  Piles  must  be  butt  cut  above  the  ground  swell  and  have  a  uniform  taper  from  butt  to  tip. 
Short  benija  will  not  be  allowed.  A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the 
tip  shall  tic  within  the  body  of  the  pile, 

4.  Unless  otherwise  allowed,  piles  must  be  cut  when  sap  is  down.  Piles  must  be  |)eeled  soon 
alter  cutting.     All  knots  shall  be  trimmed  close  to  the  t>ody  of  the  pile, 

5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine  (9)  in.  fur  lengths  not 
exceeding  thirty  (^o)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50) 
ft.,  and  seven  (7)  m.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter  at  one-quarter  of  the 
length  from  the  butt  shall  be  twelve  (12)  in.  and  the  maximum  diameter  at  the  butt  twenty  (20)  in. 

6.  Fur  square  piles  the  minimum  width  of  any  side  of  the  tip  shall  be  nine  (9)  in.  for  lengths 
not  exceeding  thirty  (30)  ft.;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty 
{50)  ft.,  and  seven  (7)  in.  for  lengths  over  fifty  (50)  ft.     The  minimum  width  of  any  side  at  onc- 

■  quarter  of  the  length  from  the  butt  shall  he  twelve  (12)  in. 

■  7.  Square  piles  shall  show  at  least  eighty  (80)  per  cent  heart  on  each  side  at  any  cross-section 

■  of  the  stick,  and  all  round  piles  shall  show  at  least  ten  and  one-half  (lo^)  in.  diameter  of  heart 

■  at  the  butt. 

^^^  Railroad  Falsework  Grade, 


I 


I 


8.  This  grade  includes  red  and  all  other  oaks  not  included  in  R.  R.  Heart  grade,  sycamore, 
black  and  tupelo  gum,  maple,  elm,  hickory,  Norway  pine,  or  any  sound  timber  that  will 

•tand  driving. 

9.  The  requirements  for  size  of  tip  and  butt,  taper  and  lateral  curvature  arc  the  same  as  for 
R.  R.  Heart  grade. 

10.  Unless  otherwise  specified  piles  need  not  be  peeled. 

11.  No  limits  arc  specified  as  to  the  diameter  or  proportion  of  heart. 

12.  Piles  which  meet  the  requirements  of  R.  R.  Heart  grade  except  the  proportion  of  heart 
specified  will  be  classed  as  R.  R.  r  alscwork  grade. 

GUARD  RAILS  AND  GUARD  TIMBERS.— In  1912  the  American  Railway  Engineering 
Association  made  an  investigation  of  the  use  of  guard  rails  and  guard  timbers  for  timber  treaties 
and  bridges  and  adopted  the  following  report  based  on  replies  from  61  railroads. 

1.  It  is  recommended  as  good  practice  to  use  guard  timbers  on  all  open-floor  bridges,  and 
«ame  shall  be  so  constructed  as  to  propcriy  space  the  tics  and  hold  them  securely  in  their  places. 

2.  It  is  recommended  as  good  practice  to  use  |;uard  rails  to  extend  beyond  the  end  of  the 
bridges  for  such  a  distance  as  required  by  local  conditions,  but  that  this  length  in  any  case  be  not 
less  than  fifty  feet;  that  guard  raiU  be  fully  spiked  to  every  tie  and  spliced  at  every  joint,  the  guard 
rail  to  be  some  form  of  metal  guard  rail. 

3.  It  is  recommended  that  the  guard  timber  and  guard  rail  be  so  spaced  in  reference  to  the 
track  rail  that  a  derailed  truck  will  strike  the  guard  rail  without  striking  the  guard  timl>er. 

4.  The  height  of  the  guard  rail  to  be  not  over  one  inch  less  in  height  than  the  running  (track) 
nU. 

TIMBER  TRESTLES. — The  details  of  the  design  of  timber  trestles  depends  upon  the  loading* 
the  details  of  the  floor  system,  the  available  timber  and  upon  the  designer.  The  length  of  panels 
vArie»  from  12  ft.  to  16  ft.,  with  14  ft.  as  a  fair  average  panel  length. 

Pile  Trestles.— The  details  of  the  standard  pile  trestle  with  open  floor  of  the  N.  Y.,  N.  H.  & 
H.  R.  R.  are  given  in  Fig.  \.  The  number  and  arrangement  of  the  piles  in  the  bents  are  shown. 
The  bents  arc  12  ft.  center  to  center.  The  stringers  are  24  ft.  long  and  am  placed  to  span  two 
panels  and  to  break  joints.  The  tops  of  the  caps  are  covered  with  No.  20  flat  galvaniwd  iron  10 
prcitect  the  trestle  from  fire.  The  details  of  washers,  packing  blocks,  drift  bolts,  etc..  arc  shown 
on  the  plans. 

Adopted,  Am.  Ry.  Eng.  Assoc..  Vol.  10,  1909. 
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f fMiM  lfm^*.—7hn  'iiMuiU  '-^f  chit  itaiuiari  frame  trcscfe  vidt  opea  ioor  of  dbe  X.  Y 
N.  H.  -^  ff.  k.  it.  ir^-  aci/^A  in  f  iq;,  2.     The  besuarc  ipaced  t2  fc  rrncer  to  cexicer.     The  floor 
«>/4^Am  iM  "h*^  viAM  :k4  f''^  pile  tre3irje%.     The  fraoie  truck  tnay  be  supfHrted  aa  a  piZe  foaadaxioii, 
i>(/>A  fimi-^r  «ki'/--«[U  '"mm^AtlU/  ^^  on  o^nrrirte  peviettala.     Trnfaer  mb-^Hs  aooa  decav  awj 
«|y#tit<1  I'i^  it^ft  ^rfvly  for  r^mp^^r^ry  crte^Ien.     Other  data  anri  details  are  shovn  oa  the  pHriT 

Th^  pUfn  fA  \  WAtuiurd  fr:^m^  trtr^Xf.  dewgnerf  aori  bufi:  by  :he  IQins&s  Cestial  R^iinml  aic 
0v^n  in  fiflf,  V  TIm  \^ntK  arft  <(Ar«H  14  ft.  omten,  while  the  atringen  are  2^  fc  loi^  at^d  cover 
fw/#  ^A^U.  The  fVraiU  f-^  the  trar.lc  anrl  the  guard  raxb  are  ooc  shown.  A  oompfete  b«n  of 
Um\^t  »nt\  \ffm  if/r  /^ne  l-^ent  anrl  one  panel  of  the  floor  are  gh-en  in  Fig.  3.  The  stanivd  frame 
fff^yf  ttMy  he  rjkrriH  fm  miKlulU  ^%uf>-«iIUj  a^  showa  in  Fig.  3,  or  on  pQes  or  comjcte  f^al*«^j|^ 
«4  «hr/wn  in  f  hc  2. 

f >^4il  p(4n4  ^4  a  pil^  rr^^le  with  IfaXUxttd  deck  are  given  in  Fig.  4. 

TtMBMM  HOWE  TB09SES.— PUn.%  rA  a  standard  150  ft.  span  Howe  tmas  dcagned  and 
*fw  t«(  J/y  rhft  <!,  M,  A  I'.  S,  Ry.  arft  fthown  in  Fig.  5,  Fig.  6,  and  Fig.  7.  This  bridge  was  designed 
f/ir  (  ffrffif-r**  K  55  f^M/ling.  wirh  the  allowable  unit  stresses  as  given  in  the  American  Railway 
Knf(iw*-TiuK  A^ivn'iktUm  SiJ^JfifationA  fftr  Timber  Bridges  and  Trestles.  The  bill  of  lumber  is 
ffivf-n  in  InUh-  I;  thf  )A\\  *A  rjL«ting.%  and  \ff>\t*  is  given  in  Table  II;  the  bill  of  upset  vertical  rods 
U  %\v*'n  in  'XnhU'  \\\,  awl  the  liill  fA  lateral  rods  is  given  in  Table  I\^  The  following  additional 
Mttiiim^^'uitw  WTf!  Kiven  im  the  plans, 
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Bill  of  Castings,  Bolts,  etc.  for  One  150  ft.  Howe  Truss 
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"Outer  6  in.  X  8  in.  Guard  Rails  arc  notched  for  ties,  spiked  to  each  tie  with  one  9  in.  X  I  in. 
spikes.  Each  tie  to  be  spiked  to  stringers  with  \  in.  X  14  in.  spikes.  Stringers  drift-bolted  to 
floorbeams  with  3  in-  X  iS  in.  drift  bolts.  All  {  in.,  |  in.  and  i  in.  bolts  to  be  provided  with  one 
O.  G.  and  one  slot  washer.  All  contacts  of  wood  and  wood  to  be  painted  with  white  lead.  Corbels 
to  be  creosoted.  All  holes  bored  in  chord  sticks  to  be  creosoted.  Inner  4  in.  X  8  in.  Guard 
Raits  bolted  at  center  and  ends  of  each  piece,  spiked  to  each  tie  not  bolted,  with  one  8  in.  X  }  in. 
spike  and  spliced.  The  6  in.  X  4  in.  X  I  in.  guard  rail  is  bolted  at  ends  and  at  intervals  of  not 
over  3  ties  with  J  in.  special  bolts.     Leave  J  in.  opening  between  ends  of  Guard  Rail  angles." 

The  detail  plans  of  a  timber  Howe  truss  railway  bridge  with  an  80  ft.  span  are  given  in  P'ig.  8 
and  Fig.  9.  This  bridge  was  designed  for  Cooper's  E  55  loading  for  the  allowable  stresses  given 
in  the  specifications  of  the  American  Railway  Engineering  Association.  The  details  and  a  bill 
of  materials  are  given  on  the  plans. 


TABLE  III. 
Bill  of  Upset  Vertical  Rods  for  One  150  ft. 
Howe  Truss  Span. 


TABLE  IV. 
Bill  of  Lateral  Rods  for  Owe 
FT.  Howe  Truss  Span. 


150 


I 


Diameter  of  Upsets. 

Scctlon 

•A" 
Diam.,  In. 

Diameter  of 

Rod  "A," 

Ib. 

Length  of 
TbKail 
"T.-ln. 

No.  of  Pes. 

LesKth4  Ft.- In. 

U.  S.  Std.. 

Rt.  Eob- 
&M.  of 

No.  of  Pea. 

Lenitfa 
Fl-In. 

W.,Iji. 

12 

30-loJ 

2 

3 
3 

3l 

22-9f 

23-41 

2j 

12 

30-10 

2 

2 

44 

la 

30-8 

2 

3 

33-+ 

4\ 

16 

30-  9i 

2 

2 

2 

^i 

2 

^'\ 

\\ 

12 

30-  7\ 

2 

2} 

24-4! 

40 

30-61 

2 

3 

21 

24-4I 

4\ 

24-31 

Diamctc 

r  of  Upset  "U"  based  on  number  of  threads  per 

23-2J 

inch. 

231 

Lcnpth  ( 

tf  upsets  "M"  to  be  in  accord  with  shop  atand- 

23-iJ 

ards. 

22-5J 

HIGHWAY  TIMBER  TRESTLES  AND  BRIDGES.— DeUils  of  a  highway  crossing  of 
the  Illinois  Central  Railroad  arc  given  in  Fig.  10  and  Fig.  11. 

A  combination  timber  and  iron  bridge  is  shown  in  Fig.  12;  while  a  short  span  timber  highway 
bridge  is  given  in  Fig.  13. 

For  additional  details  of  timber  highway  bridges,  sec  the  author's  "  The  Design  of  High- 
way Bridges." 


SPECIFICATIONS  FOR  WORKMANSHIP  FOR   PILE  AND  FRAME  TRESTLES  TO 
BE   BUILT   UNDER   CONTR.\CT.* 

1.  Site. — The  trestle  to  be  built  under  these  specifications  is  located  on  the  line  of 

Railroad  at    County  of    State  of 

2.  General  Descriptioii. — The  work  to  be  done  under  these  specifications  covers  the  driving, 

framing  and  erection  ot  a tractc  wooden  trestle  about ft.  long  and 

an  average  of ft.  high. 

General  Clauses. 

3.  The  contractor  shall  furnish  all  ncce5sar>'  labor,  tools,  machinery,  supplies,  temporary 
staging  and  outfit  required.  He  shall  build  the  complete  trestle  rcad>[  for  the  track  rails,  in  a 
workmanlike  manner,  in  strict  accordance  with  the  plans  and  the  true  intent  of  these  specifica- 
tions to  the  satisfactinn  and  acceptance  of  the  engineer  of  the  railroad  company. 

4..  The  workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  l>etails,  fastenings 
and  connections  shall  \jc  of  the  best  method  of  construction  in  general  use  on  first  cla.ss  work. 

*  Adopted  by  American  Railway  Engineering  Association. 
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5.  Holes  shall  be  bored  for  all  bolts.     The  depth  of  the  hole  and  the  diameter  of  the  auger 
to  be  specified  by  the  engineer. 

6.  Framing  shall  be  accurately  fitted;  no  blocking  or  shimming  will  be  allowed  in  making 
joints.     Timbers  shall  be  cut  ofT  with  the  saw;  no  axe  to  be  used- 

7.  Joints  and  points  of  bearing,  (or  which  no  fastening  ie  shown  on  the  plans,  shall  be  fastened 
^wcified  by  the  engineer. 


rtocrtn^f'f2'l6'0'P/ar)h-^ 


- fid'O'—r- H 


ihpeii.tei 


BtnU  2 amis. 


^i''12'DHffbolh 

3''d'20-'0'dracfi 
f2'r?'lS'0'5iU 


ff!/?re4Yfhsf 


~2*4  bridging 

jTplS'doftS 

-ij'Zj'&olf 
3 'd*^  face 

Lenqjit/dina!  ^rmes  Mfed 


Fig.  10, 


3ert/y  30^1^4 
Highway  Crossing.    Illinois  Central  RAasoAD 


8.  The  engineer  or  his  authorized  agents  shall  have  full  power  to  cause  any  inferior  work 
be  condemned,  and  faken  down  or  altered,  at  the  expense  of  the  contractor.     Any  material 
[ilcstroyed  by  the  contractor  on  account  of  inferior  workmanship  or  carclewneas  of  his  men  U  to 
replacfKl  by  the  contractor  at  his  own  expense. 


1 

i 
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TIMBER  BRIDGES  AND  TRESTLES. 


Chap.  VII. 


9.  Figures  shown  on  the  plans  shall  govern  in  preference  to  scale  measurements;  if  anv 
discrepancies  should  arise  or  irregularities  be  discovered  in  the  plans,  the  contractor  shall  call 
on  the  engineer  for  instructions.  These  specifications  and  the  plans  are  intended  to  co-operate, 
and  if  any  question  arises  as  to  the  proper  interpretation  of  the  plans  or  specifications,  it  shall  be 
referred  to  the  engineer  for  a  ruling. 


•4W 


i^^^^i  ,-^ 


TP 


D 


/^'-i^ 


f-* 


ri> 


.:-*i-t 


r^ 


Detail  ofHan^r^ 
Casflivn-ZRe^iL 


Deimfof^oinf'A' 


de/ef  Washer-Casfltvn, 


Hiksf&rikh^kmJ^  ^ 


TieRod-Z-Req'd, 
bent  Plate  /?^''/-i^  W     Upseteexhendofipdtoi'dhmeTen 
Z'Reght,  Len^h^f upset  $,  Thread  0^ 

Fig.  IX.    Details  of  Highway  Crossing.    Illinois  Central  Railroad. 

10.  The  contractor  shall,  when  required  by  the  engineer  furnish  a  satisfactory  watchman  to 
guard  the  work. 

11.  On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may  have  accumu- 
lated on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  be  removed  by  the 
contractor. 


COMBINATION   HIGHWAY   BRIDGE. 
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Fig,  13.    Details  of  a  Timber  Highway  Bridge. 

Detail  Specifications. 

13.  Piles. — Piles  shall  be  carefully  selected  to  suit  the  place  and  ground  where  they  are  to 
be  driven.  When  required  by  the  engineer,  pile  butts  shall  be  banded  with  iron  or  steel  for 
driving,  and  the  tips  with  suitable  iron  or  steel  shoes;  such  shoes  will  be  furnished  by  the  railroad 
company. 

13. — Piles  shall  be  driven  to  a  firm  bearing,  satisfactory  to  the  engineer,  or  until  five  blows 
of  a  hammer  weighing  3,000  lb.,  falling  15  feet  (or  a  hammer  and  fall  producing  the  same  mechan- 
ical effect),  arc  required  to  cause  an  average  penetration  of  one-half  {{)  in.  per  blow,  except  in 
Boft  bottom,  where  special  instructions  will  be  given. 

14™ — Batter  piles  shall  be  driven  to  the  inclination  shown  by  the  plans,  and  shall  require  but 
|lUght  bending  before  framing. 

15. — Butts  of  all  piles  in  a  bent  shall  be  sawed  off  to  one  plane  and  trimmed  so  as  not  to 
leave  any  horizontal  projection  outside  of  the  cap. 

16. — Piles  injure<J  in  driving,  or  ilriven  out  of  place,  shall  either  be  pulled  out  or  cut  off, 
and  replaced  by  new  piles. 

17.  Caps, —Caps  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  bearing 
on  piles  or  posts.     The  side  with  most  sap  shall  be  placed  downward. 

18.  Posts. — Posts  shall  be  sawed  to  proper  length  (or  their  position  (vertical  or  batter),  and 
to  an  even  bearing  on  cap  and  sill. 

19.  Sills. — Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane. 

20.  Sway  Braces.— Sway  bracing  shall  be  properly  framed  and  securely  fastened  to  piles  or 
posts.  When  necessary  for  pile  bents,  filling  pieces  shall  be  used  between  the  braces  and  the 
piles  on  account  of  the  variation  in  size  of  piles,  and  securely  fastened  and  faced  to  obtain  a 
bearing  against  all  piles. 

31.  Longitudinal  Braces. — Longitudinal  X-braces  shall  be  properly  framed  and  securely 
fastened  to  piles  or  posts. 


77,  Girts. — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  sub-sills,  posts  or 
plies,  as  the  plans  may  re(|uiri;. 

33.  Striagers. — Strinjic-rs  shall  be  sized  to  a  uoiform  height  at  supports.  The  edges  with 
most  sap  shall  be  placed  downward. 

34.  Jack  Stringers. — Jack  tsLringers,  if  rcc|uircd  on  the  plans,  shall  be  neatly  framed  on 
caps,  and  their  top->  i>Iiall  be  in  the  same  plane  as  the  track  stringers. 

25.  Ties. — Ties  shall  be  frametl  to  a  uniform  thickness  over  Ircarings,  anr!  shall  be  place<l 
with  the  rough  side  upward.  They  shall  be  spaced  regularly,  cut  to  even  length  and  line,  as 
called  for  on  the  plans. 

36.  Guard  Rails. — Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to  line 
and  to  a  uniform  top  surface.     They  shall  be  firmly  fastened  to  the  ties  as  required. 

27.  Bulkheads. — Bulkheads  shall  be  of  sutftcicnt  dimensions  to  keep  the  embankment  clear 
of  the  caps,  stringers  and  ties,  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less 
than  two  (2)  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead-  The  projecting 
ends  of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  other- 
wise specifie<l. 

38.  Time  of  Completioa. — The  work  shall  be  completed  in  all  its  parts  00  or  before 

A.  D.  19... 

39.  Payments. — Payments  wIU  be  made  under  the  usual  regulations  of  the  railroad  company. 


I 
I 


Specifications  for  Metal  Details  Used  in  Wooden  Bridges  and  Trestles. 

30.  Wrought-iron. — Wrought-iron  shall  be  double-rolled,  tough,  fibrous  and  uniform  in 
character.  It  shrill  lie  thoroughly  welded  in  rolling  and  Lm?  free  from  surface  defects.  When 
tested  in  specimens  of  standard  form  shall  give  an  ultimate  strength  of  at  least  50,000  lb.  per  so. 
in.,  an  elongation  of  [8  per  cent  in  8  in.,  with  fracture  wholly  fibrous.  Specimens  shall  bend  cold, 
with  the  fil^r,  through  135  degrees,  without  sign  of  fracture,  around  a  pin  the  diameter  of  which 
is  not  over  twice  the  thickness  of  the  piece  tested.  When  nicked  and  bent,  the  fracture  shall  show 
at  least  90  per  cent  fibrous. 

31.  Steet — Steel  shall  be  made  by  the  open-hearth  process  and  shall  be  of  uniform  quality. 
It  shall  contain  not  more  than  0.05  per  cent  sulphur:  if  made  by  the  acid  process  it  shall  contam 
not  more  than  0.06  per  cent  phosphorus,  and  if  made  by  the  basic  process  not  more  than  0.04 
per  cent  ph<»sph(>ru^.  When  testetl  in  specimens  of  standard  form,  or  full  .sized  pieces  of  the 
same  length,  it  shall  have  a  desired  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  If  the 
ultimate  strength  varies  more  than  4,000  lb.  from  that  drsired,  a  retesi  shall  be  made  on  the 
tame  gage,  which  to  Iw  acceptable,  shall  l>e  within  5,000  lb.  of  the  desired  ultimate.     It  shall 

have  a  minimum  percentage  of  elongation  in  8  in.  of  ~, r  and  .shall  bend  cold  with- 

*-'='''  ult.  tens,  strength 

out  fracture  180  degrees  flat.     The  fracture  for  tensile  tests  shall  Ix-  silky. 

32.  Castings. — Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough  gray 
iron,  with  sulphur  not  over  0.10  per  cent.  They  shall  be  true  to  pattern,  out  of  wind  and  free 
from  flaws  and  excessive  shrinkage.  If  test-s  are  demandwl,  they  shall  be  made  on  the  "Arbi- 
tration Bar"  of  the  .American  Society  for  Testing  Materials,  which  is  a  round  bar  i{  in.  in  diameter 
and  15  in.  long.  The  transvcnae  test  shall  be  made  on  a  supp<irted  Icnjjih  of  12  in.,  with  load  at 
middle.  The  minimum  breaking  load  so  applied  shall  be  3,900  lb.,  with  a  deflection  of  at  least 
^  in.  before  rupture. 

33.  Bolta.— Bolts  shall  be  of  wrought-iron  or  steel,  made  with  snuare  heads,  standard  sire,  the 
length  of  thread  to  be  3  J  times  the  diameter  of  bolt.  The  nuts  shall  be  made  square,  standard  size, 
with  thread  fitting  closely  the  thread  of  bolt.     Threads  shall  be  cut  according  to  U.  S.  standards. 

34.  Drift  Bolts. — Drift  bolts  shall  be  of  wrought-iron  or  steel,  with  or  without  .vjuane  head, 
pointr<l  "T  without  i«>int,  as  may  be  called  for  on  the  plans. 

35.  Spikes. — Spikes  shall  be  of  wTought-iron  or  steel,  square  or  round,  as  called  for  on  the 


N 


plana:  steel  wire  spik(^,  when  useii  for  spiking  plankinfj.  shall  not  Ix^  used  in  lengths  more  than 


in.;  if  greater  lengths  are  required,  wTou^ht  or  steel  spikes  shall  be  used. 

36.  Packing  Spools  or  Separators. — Packing  spools  or  separators  shall  be  of  cast-iron,  made 
10  size  and  shape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  |  in.  larger  than  diameter 

packing  bolts. 

37.  Cast  Washer*. — Cast  washers  shall  be  of  cast-iron.     The  diameter  shall  be  not  less  than 
J  times  the  diamitcr  of  bolt  for  which  it  is  used,  and  its  thickness  equal  to  the  diameter  of  bolt; 

the  fliameler  of  hole  sh;ill  l>e  I  in.  larger  than  the  diameter  of  the  bolt. 

38.  Wrought  Washers.— Wrought  washers  shall  be  of  wroughl-iron  or  steel,  the  diameter 
shall  be  not  less  than  3^  times  the  diameter  of  bolt  for  which  it  is  used,  and  not  less  than  \  in 
thick.     The  hole  shall  Ixr  l  in.  larger  than  the  diameter  of  the  bolt. 

39.  Special  Castings.~Special  castings  shall  be  made  tnje  to  pattern,  without  wind,  free  from 
flaws  and  excessive  shrinkage,  stxe  and  shape  to  be  as  called  for  by  the  plans. 
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Working  Untt-Steesses  for  Structural  Timber  Expressed  in  Pounds  per  Square 

Inch.* 
NoU. — The  working  unit-strewcs  given  in  Table  V  are  intended  for  railroad  bridges  and 
trestles.  For  highway  bridges  and  trestles  the  unit-stresses  may  be  increased  twenty-five  (25} 
per  cent.  For  buildings  and  similar  structures,  in  which  the  timber  is  protected  from  the  weather 
and  practicaHy  free  from  impact,  the  unit  stresses  may  be  increased  fifty  (50)  per  cent.  To 
compute  the  deflection  of  a  beam  under  lung-continued  loading  instead  of  that  when  the  load  is 
first  applied,  only  fifty  per  cent  of  the  corresponding  modulus  of  elasticity  given  in  the  table  is 
to  be  employed. 

TABLE  V. 

Unit  Stresses  for  Structural  Timber  Expressed  in  Pounds  per  Square  Inch. 

American  Railway  Engineering  Association. 


KIiuI  of  Timber. 


Douglas  fir.  . . . 
Longlcaf  pine  . . 
Shortlcaf  pine. . 
White  pine. . . . 

Spruce 

Norway  pine. . . 

Timarack 

Western  hemlock 

Redwood 

Bald  cypress. . 

Red  cedar 

White  oak 


BendinK* 


Extreme 

Fiber 


II 

<5 


6100 
6500 
5600 
+400 
4800 
4200 
4600 
5800 
5000 
4800 
4300 
5700 


Moduliu 
Of 

Elutidty. 


I3O0 
1300 
1100 

900 
1000 

800 
900 

tioo 

900 
900 

800 

HOC 


1,510,000 
1, 610,000 

i,4&o,ooo 

1,130,000 
1,310,000 

i»i90,ooo 

1,220,000 
1,480,000 

800,000 
1.150,000 

860,000 
1.150,000 


SheaxinA. 


Parallel 


^^ 


<5 


690 
720 
710 
400 
600 
590* 
670 
630 
300 
500 


840 


170 
180 
170 
100 
150 
130 
170 
160 
80 
120 


Laneltudi 
tuil  Shear 
in  Bcama 


3IO 


270 
300 

180 
170 
250 
260 
270t 


370 


110 

120 
130 
70 
70 
100 
IOC 

100 


no 


CampreHwm. 


PciTWfi- 
dicular 
toGraJn. 


Pamllel  to 


Gniln> 


630 


34° 


ti^ 


53 


290 
370 


310 
260 
170 


150 
180 
ISO 

t 

440220 
400  150 

470330 
920  450 


3600 
3800 
3+00 
3000 
3200 
26oot 

32COt 

3500 
3300 
3900 
3800 
3500 


n  I  si 


1200 
1300 

HOC 
1000 

I  too 

800 

1000 

1200 

900 

IIOO 


900 

980 
830 


1200 
1300 
1100 


750,1000 

830  IIOO 


600 

750 

900 

680 
830 


900680 
i30o'98o 


800 
1000 

1200 
900 

1100 
900 

1300 


II 


to 


A 


10 


10 


13 


Notf. — These  unit  stresses  are  for  a  preen  condition  of  timber  and  are  to  be  used  without  in- 
crca-stn^  the  live  load  stresses  for  impact.  


REFERENCES. — For  additional  details  and  information  the  following  refcreoces  may  be 
consulted  : 

Foster's  "  A  Treaiiw  on  Wooden  Trestle  Bridges,"  John  Wiley  &  Sons,  gives  data  and 
details  of  the  design  of  timber  trestles. 

Jacoby's  "  Structural  Details  ;  Design  of  Heavy  Framing,"  John  Wiley  &  Sons,  gives  data 
and  details  of  the  design  of  timber  trestles  and  limlK.T  Btructurus,  and  is  the  best  book  on  tim- 
ber  construction.  Every  engineer  interested  in  the  design  of  timber  structurtjs  should  have  a 
copy  of  Jacoby's  "Structural  Details." 

•  Adopted.  Am.  Ry.  Eng.  Assoc.,  Vol.  10,  1909. 

t  Panialiy  air-dry,  /  «  length  in  inchea.  d  «  least  tide  in  inches. 


CHAPTER  VIII. 
Steel  Bins. 

Stresses  in  Bin  Walls. — The  problem  of  the  calculation  of  pressures  on  bin  walls  is  similar 
to  the  problem  of  ihc  calculation  of  pressures  on  retaining  walls;  but  in  tho  case  of  bin  walls  the 
material  U  limitcij  in  extent  and  the  condition  of  static  equilibrium  is  disturbed  by  drawing  the 
material  from  the  buttum  uf  the  bin.  For  plane  bin  walls  where  the  plane  of  rupture  cuts  the 
free  suKacc  of  the  material  (shalltiw  bins),  the  formulas  developed  for  retaining  walls  are  directly 
applicable  if  friction  on  the  wall  is  considered.  The  graphic  solution  will  l>c  found  the  simplest 
and  most  direct  for  any  particular  case.  The  following  analyses  of  the  calculations  of  stresses  in 
bins  have  been  abstracted  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  e<lition. 

STRESSES  IN  SHALLOW  BINS.— The  problem  of  the  calculation  of  the  pressures  on 
bin  walls  is  the  same  as  the  problem  of  the  calculation  of  pressurcb  on  retaining  walls.  The  forces 
acting  on  bin  walls  depend  upon  the  weight,  angle  of  reixwe.  moisture,  etc.,  of  the  material,  which 
are  variable  factors,  but  are  less  variable  than  for  the  filling  of  retaining  walls. 

Algebraic  Solution. — The  same  nomenclature  will  be  used  as  in  retaining  walls  except  that  P" 
will  be  used  to  indicate  the  pressure  obtained  by  means  of  Cain's  formulas  when  %  =  ^',  N'  will 
indicate  the  normal  comjKinent  of  P\  and  N  will  indicate  the  normal  pressure  on  the  wall  when 
4t    —  o.     This  analysis  applies  to  shallow  bins,  only.* 


Oxi9  /.     yetXicQl  Wall,  Surface  Level.    Angle  t  =  *'.     Fig.  I. 

cos*  ^ 


,.(.^^sin(.^y,y 


N'  =    />'C08*' 

J^.A. coM__ 

(l  +sin*V2)" 
N'  =  i>'-cos* 


(I) 

w 

(4) 


/ 


<^ 


Fig.  I. 
If  ^'  »  o,  which  corresponds  to  a  smooth  wall, 

*  A  shallow  bin  is  one  where  the  plane  of  rupture  cuts  the  free  surface  of  the  filling. 
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TABLE  I. 
Constants  for  Steel  Plate  Bins,  Case  i. 


Material. 

Desreef. 

Desreea. 

W 

Lb,  Per 
Cu.Ft. 

Lb. 

Lb. 

N 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 

34 
40 

18 
16 
18 
31  . 

SO 

90 

.40 

6.I3A* 

8.73A* 

ii.S0A« 

4.02A« 

S.83A« 
8.39AI 

344*' 

6.75^ 

9.77^ 

12.72A" 

4.34A* 

AsbcB 

Case  2,     Vertical  WaU,  Surface  Surcharged  at  Angle  6,    Angle  s  »  ^'.    Fig.  a. 


If 


If 


i^-lw-A" 


cos*  ^ 


*  V^y co8  6'.co9« J 


cos 


iV  =  P'-cos  ^' 

D/         1        i.»  cos*  ♦ 
COS*' 

JV  «  P'-COS  #'  =  §wA«*cos*  * 
*'  =»  o 


(6 

(7 

(8 
(9 

(10 


FT 

z 
P 


^*r. 


1 B-r. 


.^^ 
^ 
.-■L- 


Fig.  2. 


TABLE  IL 
Constants  for  Steel  Plate  Bins,  Case  2.    «  «  *, 


Material. 

Degrees. 

Degrees. 

W 
Lb.  Per 
Cu.  Ft. 

Lb. 

Lb. 

Lb. 

Bituminous  coal 

Anthracite  coal 

Sand 

35 
27 
34 
40 

18 
16 
IS 
3" 

50 
40 

17.65A; 
2i.4SA« 
32.50A; 

i6.7SA« 
20.5qA« 
30.90^ 
".73  A* 

2gS. 

Ashes 

Case  3,     Vertical  Wall,  Surcharge  Negative  «=  i.     Angle  z  =  *'.     Fig.  3. 


P*  =  \W'h* 


cos** 


cos 


.,(  ,    .    Jsin  (»  +  *')  sin  (*  + a)  V 
*  V  '  "^  V cos*'-cos5 / 

N'  "  P'.cos  *' 


(" 


TABLE  HI. 
Constants  for  Steel  Plate  Bins,  Case  3.    4  =  —  ^. 


Material. 

De.t«. 

OeCTMS. 

Lb.  Per 

Cu.  Ft. 

p* 

Lb. 

AT 
Lb. 

Boui  coal 

die  coal 

35 
47 
34 
40 

18 
16 
18 
3> 

50 

90 

40 

8.44A* 
2.85A' 

4-27*' 
6.38A* 
8.ooA« 
2.45*' 

M3A* 
7.6+A* 

9.6  |A» 
3.23A' 

ff  ^     Ifa//  Sloping  Ouiu-iird.     ti  <  y*j'  4-  <^'.     Surjace  LeitL     Fig.  4. 

sin*  (B  -  4) 


r  -  \wk* 


'"<*'+')--(•+ Vi^S^^^S)' 


nn 


iV'  »  /"'COS* 


■7=^ 


Fig.  4. 

»5.     Wall  Shpini  Outward,    «  <  90*  +  *',     Surface  Surcharged,     Fig.  3, 

rin«  <B  -  *) 


(14) 


05) 


P'  -  !».»« 


.n(*  +»)"n'n'  +  Vsm  (*'  +  »)  sin  (»  -  a)/ 
JV'  -  P'-coe  *' 


(f6) 
(17) 
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Cased. 


WaU  Sloping  Ouhoard,    fl  >  90"  +  ^'.    Surface  Lepel.    Fig.  6. 
P«iw.A».tan«(45''-W3) 


Fig.  5. 
W  =  weight  t^ABC  »  Jw-tantf-A« 

«  5wA»Vtan»d  +  tan*  (45"  -  ^/a) 
tan» 


tan  (tf  +  «  -  90  )  = 


(18) 
(19) 


Fig.  6. 

For  a  wall  sloping  outwards,  and  sloping  surface  the  use  of  formulas  is  cumbersome  and  the 
calculations  can  be  more  easily  made  by  graphic  methods  as  explained  on  succeeding  pages. 

Tables  of  Pressure  on  Vertical  Bin  Walls. — The  normal  pressure  on  vertical  bin  walla  as 
calculated  by  the  preceding  formulas  for  bituminous  coal,  anthracite  coal,  sand,  and  ashes  are 
given  in  Table  IV,  Table  V,  Table  VI,  and  Table  VII,  respectively.  In  the  tables  column  I  gives 
the  normal  pressure  for  a  smooth  vertical  wall  and  horizontal  surcharge,  while  column  4  gives 
the  normal  pressure  on  a  rough  wall  with  an  angle  of  friction  —  ^'.  Column  2  gives  the  normal 
pressure  for  a  smooth  vertical  wall  and  a  surcharge  ==  <f>,  while  column  5  gives  the  normal  pressure 
on  a  rough  wall  with  an  angle  of  friction  =  ^'.  Column  3  gives  the  normal  pressure  for  a  smooth 
vertical  wall  and  a  negative  surcharge  =  —  ^,  while  column  6  gives  the  normal  pressure  on  a 
rough  wall  with  an  angle  of  friction  »  ^'.  It  will  be  seen  that  the  pressures  in  columns  2  and  5 
are  identical.  For  a  vertical  wall  with  J  =  0.  the  normal  pressures  as  given  by  Rankine's  and 
Cain's  formulas  are  identical. 

These  tables  have  been  taken  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain 
Elevators."  The  tables  of  pressures  and  the  formulas  were  first  published  in  a  modified  form 
by  Mr.  R.  W.  Dull,  in  Engineering  News. 


PRESSURE   OF    BITUMINOUS   COAL. 
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The  total  pressures  arc  given  for  a  watt  one  fool  long  in  all  cases. 

Rote. — These  tables  apply  to  shallow  bins  onl^'  (bins  where  the  plane  of  rupture  cul 
frce  surface  of  the  filling).  For  the  calculation  of  the  stresses  in  deep  bins  (bins  where  the 
of  rupture  cuts  the  side  of  the  bin)  see  Chapter  IX,  Steel  Grain  Elevators. 


TABLE  IV. 

Total  Prbssu&e  in  Pockds  for  Depth  "h"  for  Bituminous  Coal, 
Wall  Onb  Foot  Long, 


"■ 

r 

to  =50  lb.,  ^  - 

35". 

' 

Depth,  h. 

Smooth  Wall,  *'  - 

0, 

Rough  WaU. 

Angle  of  FricUoa  -  *'  -  iS".      | 

I 

a 

3 

4 

5 

fi 

h 

h 

r 

:Tm 

h 

:f- 

T*p 

*— 

<  - 

"      t— 

<— 

*— 

i-. 

i.- 

- 

i,jr 

±ir 

X^ 

- 

♦'-0 

«-* 

fi « -« 

«'  =  180 

»  =  * 

a--* 

I 

6.75 

16.75 

5,83 

S.83 

16.75 

427 

a 

i? 

67 

20.5 

23.32 

67 

17.1 

3 

60.7s 

150.75 

46.3 

52-47 

» 50-75 

38.4 

4 

108 

268 

82 

93-4 

268 

68.3 

S 

168.75 

418.7s 

128 

«457 

4187s 

107 

6 

243 

603 

184.5 

209.4 

603 

156 

7 

333 

821 

25? 

286 

83] 

209 

8 

432 

1,073 

3i8 

373 

1,072 

273 

K 

9 

547 

1.357 

4»> 

472 

1.357 

346 

L 

lO 

67s 

i.675 

5>3 

5«3 

>>675 

427 

■I  " 

817 

2,027 

61s 

705 

2,027 

516 

Wt 

972 

2,412 

73a 

840 

2.412 

61S 

W^ 

M 

I.14J 

2,831 

866 

985 

3.831 

722 

w 

14 

1.323 

3.283 

1,005 

m3 

3.283 

83S 

«5 

<,5«9 

3.769 

1,152 

1,312 

J.769 

960 

m 

|6 

1.728 

4.288 

1,311 

1.492 

4.288 

1.093 

I 

«7 

1.751 

4.«4« 

1.480 

1.685 

4.841 

1,232 

I 

|8 

2.1S7 

5.427 

1,660 

1,889 

5Hf27 

1,382 

I 

19 

2.437 

6,047 

1,852 

2.105 

6,047 

I.54I 

w 

20 

2,700 

6,700 

2,052 

2,332 

6.700 

1,708 

U 

2,977 

7.387 

2,262 

2,571 

7.387 

1.883 

la 

3.267 

8,102 

2.483 

2,821 

8,102 

2.067 

n 

3.fJ7i 

8,861 

3,560 

3.084 

S,86i 

2.259 

H 

j.ftflS 

Q.6j8 
10,469 

2,810 

3.358 

9.6i8 
10,469 

2,460 
a.669 

»s 

4.219 

3.Z06 

3.644 

26 

4.563 

".323 

3.468 

3.941 

11,323 

1,887 

a/ 

4.923 

12.311 

3.740 

4.250 

12,211 

3. "3 

28 

5.292 

13.142 

4.022 

4.570 

13.142 

3.348 

J9 

i.677 

14.087 

4.3 1+ 

4.903 

14,087 

3.591 

30 

1 

6,075 

T5.075 

4,617 

5.247 

1^075 

1.843 
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TABLE  V. 

Total  Pebssukb  in  Pounds  for  Depth  "h"  for  Anthracttb  Coal. 
Wall  One  Foot  Long. 

w  =  52  lb.,  ^  =  27^ 


Depth,  h, 
iaFeet. 

Smooth  WaU,  if  « 

0. 

Rough  WaU.  Ande  of  Friction  -  ^'  -  i6*.      | 

I 

3 

3 

A 

5 

6 

r" """ 

-ff^*- 

TTvli 

"f       '""" 

.^^*, 

>"is:4 

h 

^>    «- 

h.^ 

h 

h     ^ 

h  /^ 

i-X" 

j-X^ 

>.X 

Jl. 

- 

±± 

i.Jr 

B'-o 

«  =  * 

8«  -^ 

4^'  =  i6«» 

««* 

«--* 

I 

9-75 

20.S 

7.64 

8.39 

20.5 

6.38 

2 

390 

82.0 

30.6 

33.5 

82.0 

255 

3 

87.8 

184.5 

68.8 

75.5 

184.5 

57-5 

4 

IS6 

328 

122.2 

134.2 

328 

102.0 

5 

244 

5U 

191 

210 

S13 

159.5 

6 

3SI 

738 

267 

302 

738 

230 

7 

478 

1,00s 

374 

4H 

1,005 

313 

8 

6h 

1,312 

619 

536 

1.312 

402 

9 

790 

1.661 

680 

1,661 

5*7 

10 

97S 

2,050 

764 

839 

2.050 

638 

II 

1,180 

2,481 

925 

1,014 

2,481 

.   773 

12- 

1,40s 

2,952 

1,100 

1,209 

2,952 

920 

>3 

1,648 

3.46s 

1,290 

1,418 

3.465 

1,080 

"4 

1,910 

4,018 

1.497 

1,643 

4,oi8 

1,250 

«S 

2,193 

4,613 

1,720 

1,887 

4,613 

M36 

16 

^»l°2 

5.248 

1,953 

2,14s 

5,248 

1,636 

17 

2,808 

5,945 

2,207 

2,421 

5,945 

1.84s 
2,064 

18 

3,160 

6,642 

2.471 

2,718 

6,642 

19 

3,S2i 

7,400 

2.758 

3.030 

7,400 

2,310 

20 

3,902 

8,200 

3.053 

3,350 

8,200 

3.554 

21 

4,303 

9,041 

3.372 

3.700 

9,041 

2,820 

22 

4.718 

9,922 

3,701 

4,061 

9,922 

3,086 

23 

Srn^ 

10,845 

4,040 

4,438 

10,845 

3,372 

24 

S.«>" 

11,808 

4,398 

4,833 

11,808 

3,680 

25 

6,097 

12,813 

4.770 

S.244 

12,813 

3,985 

26 

6,600 

13,858 

5,160 

5,672 

13,858 

4,521 

27 

7,112 

14,945 

5,560 

6,116 

14.945 

4,650 

28 

7,638 

16,072 

5,979 

6.578 

16,072 

5,000 

29 

8,202 

17,241 

6,421 

7.056 

17,241 

5,370 

30 

8,775 

18,450 

6,880 

7.55 1 

18,450 

S.742 

■ 

^H^P 

^ 

1  "J 

1 

^B 

TABLE  VI. 

1 

■ 

^^B^ 

Total  PtESSinm  in  Pounds  for  Depth  "h"  FOR  Sako. 

^ 

■ 

^V 

Wall  One  Foot  Long. 

p 

F 

■ 

tt  =  90  ib..  0  =  J4'. 

1 

Depth,  b. 
la  Feet. 

Smooth  WaU.  «'  -  0. 

Rough  WsXU  Angk  of  Prktioi] 

-  ♦*  -  la". 

- 

1 

I 

a 

3 

4 

5 

6 

h 
X- 

<— 

h 

i-JT 

h 
i-JT 

h 

jlJ: 

♦'-0 

«  =  * 

a  =  -  0 

^'  -  18° 

«=* 

fi  =  -* 

I 

1273 

30.9 

9.61 

10.93 

30.9 

8 

■ 

1 

50.8 

133.6 

384 

43-7 

123.6 

33 

^ 

3 

"45 

278 

86.40 

98.5 

278 

73 

\ 

4 

303.7 

494 

113.8 

175 

494 

126 

J 

5 

318 

77» 

340 

373 

772 

300 

■ 

K 

6 

458 

M13 

346 

394 

1,113 

■     388 

■ 

■ 

7 

624 

i.5»S 

471 

535 

1.515 

392 

■ 

■ 

8 

815 

1,980 

615 

700 

1.980 

5*2 

■ 

I 

9 

1.030 

2,500 

778 

88$ 

2,500 

64B 

■ 

■ 

lO 

1.27a 

3,090 

961 

1.093 

3,090 

800 

^ 

II 

1.540 

3.740 

1,163 

1.345 

3.740 

968 

1 

13 

J.833 

4.450 

1.383 

1.575 

4.450 

1,153 

1 

«5 

3,150 

5.230 

1,624 

1,848 

5.230 

i»352 

J 

H 

^A95 

6,060 

1,880 

2,160 

6,060 

1.568 

J 

"5 

3.861 

6.960 

2.160 

3,460 

6,960 

1,800 

■ 

i6 

3.256 

7.910 

2,460 

2,798 

7.910 

2,048 

"7 

3.676 

8.930 

2.777 

3.159 

8,930 

3,312 

1 

18 

.  4.121 

10,012 

3. "4 

3.541 

10.012 

2,592 

19 

4.591 

J".<55 

3.469 

3,946 

".155 

3,888 

30 

5.088 

13,360 

3.844 

4.372 

13,360 

3,200 

31 

5.610 

13.627 

4.238 

4,830 

13,627 

3.528 

33 

6,156 

14.956 

4.651 

5.290 

14.956 

3.B72 

23 

6,720 

16.346 

5.084 

5.782 

16,346 

4,2?2 

24 

7.327 

17.798 

5.535 

6.296 

17.798 

4.608 

as 

7.950 

19.313 

6,006 

6.831 

19.313 

S.ooo 

^m 

36 

8.599 

30,889 

6.496 

7.389 

30.889 

S.408 

■ 

37 

9.i73 

32,526 

7.006 

7.968 

22,526 

5.832 

^ 

38 

Q.072 

24.225 

7,534 

fl.569 

24.225 

6,373 

1 

^ 

a9 

10.698 

25.987 

8,083 

9.19a 

25.987 

6.728 

1 

I 

JO 

It. 4*8 

37.8  ro 

8.649 

9.837 

37,810 

7.200 

1 

^ 

U 

i 
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TABLE  Vn. 

Total  Pbessurb  in  Pounds  for  Depth  "h"  for  Ashbs. 
Wall  One  Foot  Long. 

to  ■=  40  lb.,  ^  =  40", 


Depth,  h. 
in  Feet. 

Smooth  Wall.  *'  - 

0. 

Rough  WaU,  Angle  of  Frictkn 

-  ♦'  -  3I'. 

I 

a 

3 

4 

5 

6 

T-f'- 

"^'Tn^" 

-f-K*- 

"^Ts* 

"f 

h 

h      ^_ 

b  J^ 

h 

♦— 

^       *-. 

hP* 

jr.Jr 

i.X" 

>-X" 

Jl. 

±Jl 

jlJT 

*'  =  o 

8-0 

«  =  -0 

*'-3i« 

8-* 

«--* 

I 

4-35 

11.73 

3-23 

13.76 

11.73 

2.4s 

2 

174 

47 

12.9 

47 

9.80 

3 

39.a 

105.7 

29.01 

30.96 

105.7 

22.05 

4 

69.6 

188 

317 

55-04 

188 

39-20 

S 

108.7 

294 

80.8 

86 

294 

61.2 

6* 

156.4 

423 

116 

124 

423 

88.2 

7 

213 

576 

158 

168 

576 

120 

8 

278 

751 

207 

220 

751 

157 

9 

352 

952 

261 

279 

952 

199 

to 

435 

1,173 

323 

344 

",173 

24s 

It 

526 

1,420 

391 

416 

1,420 

296 

12 

626 

1,690 

46s 

495 

1,690 

353 

13 

735 

1.985 

546 

581 

1,985 

414 

14 

852 

2,300 

634 

674 

2,300 

480 

>5 

978 

2,640 

726 

774 

2,640 

550 

16 

1,113 

3,010 

828 

88t 

3,010 

627 

17 

1,257 

3.400 

934 

994 

3.400 

708 

18 

1,408 

3,803 

1,04s 

1,115 

3,803  ■ 

794 

19 

i>527 

4.240 

1,165 

1,242 

4,240 

884 

20 

1,740 

4,700 

1,290 

1,376 

4.700 

980 

21 

1,920 

5,181 

",423 

i,5>7 

S.»8l 

1,080 

22 

2,100 

5,677 

1,561 

1,665 

5,677 

1,186 

23 

2,300 

6,215 

1,706 

1,820 

6,215 

1,296 

24 

2,506 

6,756 

x,86o 

1,981 

6,756 

1,41 1 

25 

2,720 

7,331 

2,017 

2,150 

7,331 

I. S3 1 

26 

2,940 

7,929 

2,180 

2,325 

7.929 

1,656 

27 

3,i6s 

^.SSi 

2,352 

1    2.508 

8,551 

1,786 

28 

9,190 

2,530 

:    2,697 

9,196 

1,921 

29 

3,660 

9,865 

2,718 

2.893 

9,865 

2,060 

30 

3.91S 

10,557 

2,910 

3,096 

10,557 

2,205 
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STRESSES  IN  SHALLOW  BINS,  Graphic  Solution.— The  graphic  solution  will  be  given 
for  two  casca  which  frecjuuntly  occur  in  practice. 

Graphic  Solution.  Hopper  Bin,  Level  Full.*— The  calculation  of  btresses  in  bins  by  means 
of  graphics  will  be  iliustrutetl  by  the  following  problem  taken  from  "The  Design  of  Walls,  Bins 
and  Grain  Elevators."  A  cruea-section  of  the  bin  shown  in  Fig,  7  is  filled  with  coal  weighing  58 
lb.  per  cu.  ft.,  and  having  an  angle  of  repose  ^  =  30".     The  total  pressure  on  the  plane  A-H  is 

sin  4> 


Pi  =  iwA> 


«  3.130  Jb. 


I  +  sin  ^ 

acting  horizontally  through  a  point  13  ft.  below  the  top  surface.     Now,  to  End  the  prt>ssure  Pt 
on  the  plane  C~yl,  produce  Fi  until  it  intersects  the  line  Ch  =■  the  weight  of  triangle  AUG  =  10.440 


-A?-V-  -  «4*  -  -  ff-O"-  - 


-Lr4S- 


Surface  of 
Mater/ai- 


%    * 


-bafa  - 
Weight  ofCoaf  58fbi.  per  ci/.  ft 


I 


lb.  at  O,  and  by  constructing  0~\  "  Pt  ^  10,860  lb.  /*>  is  parallel  to  E  in  Fig.  7.  The  normal 
pncMure  on  A-g  is  9,900  lb.  Now  ^-l  «  9,900  lb.  acts  through  the  center  of  gravity  of  triangle 
AC^.  and  is  equal  to  the  area  of  AG4  X  «••  The  normal  unit  pressure  at  A  is  733  lb,  per  sq.  ft., 
and  the  normal  unit  pressure  at  B  is  320  lb.  per  sq.  ft,  The  normal  pre«»ure  on  AB  acts  through 
the  center  of  gravity  of  the  shaded  area,  and  is  A^  =  7,850  lb.  Also  by  construction  E  —  8,600  lb. 
The  prcsnure  on  bottom  A-F  is  equal  to  18  X  58  *  i.o44  ^b.  per  sq.  ft.  The  pressure  on  the 
mil  C-B  'm 

I  —  sin  4> 


\wh* 


I  +  sin  « 


630  lb. 


Calculation  of  Stresses  In  Framework. — The  loads  on  the  bin  walls  arc  carried  by  a  transverse 
framework  as  shown  in  Fig.  8,  sj^ccd  17  ft.  o  in.  center  to  center.  The  loads  at  the  joints  act 
pitraltrl  to  the  pressures  as  previously  calculated,  and  the  loads  can  be  catculnted  in  the  same 
manner  as  for  a  simple  beam  loade<l  with  a  similar  loading.  The  stresses  arc  calculated  by  graphic 
PCaolution  and  by  algebraic  moments  as  shown  in  Fig.  8  and  Fig.  9. 

Hopper  Bin,  Top  Surface  Heaped. — The  bin  in  Ftg.  10  is  heaped  at  the  angle  of  repose. 
^  —  30*.     To  calculate  the  pressure  on  side  A-B,  proceed  as  follows;    Locate  points  C  and  Ht 

*  The  calculations  are  made  for  a  section  of  the  bin  one  foot  long. 
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32''0 


Pafa- 


^  ^      Wei^fofCoa/Sdtb^pereaft 


Ang^  offfepast  ^  »  30." 
3m  f7-0  4vy; 


Fig.  8. 


Stress  Diagram 
Left  Sicfe 


3cafe 
40000 


Aiqebra/c  Moments* 
Cfiftter  0f  Moments t  £. . 
stress  ODm 

~eOxe,S~3SB0xQ''J> 
60^-4550 
Stress  FO, 

-rex//*-3SBOxa*^o 

Center  of  Moments, K 
Stress  eti, 

-6Hx/0''5520xtd-7040x/0-e5000xi3.5  '-0 
etl^'IOttOO 
Stress  &£• 

•6£x/0'i-4330xd'3SeOxW'7040x/0' 

-  ^$0O0x/3*S'^0     e£'  -97700 

Center  of  Memento  f  S, 
Stress  to, 

'EDxU'tSSBOxQ'^O 

CD'^BSeO 
Stress  r€. 

r£x7,4*-33eOx8-&50COx/0S'0 

rfmi-^eooo 

^tnessAF. 

AFx/0  '*an0Ox3'^5QOOxfO,5 ' 
-5320x0  mO     AF=t4e700 

Fig.  9. 
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the  horizont.-il  pressure  Pi  •«  7,680  lb.,  acting  on  the  plane  II- K  at  1 II K  abo%'e  H. 
P\  was  calculated  by  the  graphic  method.  Prtxlucc  Px  until  it  intersects  at  0  the  line 
of  action  of  the  weight  of  the  triangle  G  U  K  acting  through  the  center  of  gravity  of  the  triangle. 
From  0  lay  off  O-l  ~  W  ^  19.900  lb.,  acting  downwards,  and  from  1  lay  off  1-2  »  /*,  =  7,680 
lb.,  acting  to  the  left.     Then  0-2  —  P\  =  zi.jtx)  lb.     Now   Pi  =  area  triangle  6'C//-w,  and 


I..^.^. 


V     V 


\-'- 


R'76a0 


MyA/  4^  Coof  idfbi  .ptraf.ft. 


Fig.  10. 


I 


H  >■  area8'-B-/4-5''ii;  -  11,3401b.  Force  Eacta  through  the  center  of  gravity  of  area  8- B-j4-5. 
The  horizontal  pressure  on  plane  C-B  —  1,400  lb.  =  area  s't'n'^w.  The  vertical  pressure  on 
the  left-hand  side  of  the  bottom  A-f  is  7.480  lb.,  acting  through  the  center  of  gravity  of  the 
preMure  polygon.     The  vertical  unit  pressure  at  A  is  1.412  lb.  per  sq.  ft. 

STRESSES  IN  SUSPENSION  BUNKERS,— The  suspension  bunker  shown  in  (a)  Fig.  1 1, 
carries  a  lf>ad  which  varies  from  zero  at  the  sup(>ort  to  a  maximum  at  the  center.  If  the  bunker 
is  level  full  the  loading  from  the  supports  to  the  center  varies  nearly  as  the  ordinates  to  a  straight 
line,  while  if  the  bunker  is  surcharged  the  straight  line  assumption  for  loading  is  more  nearly 
correct. 

We  will,  therefore,  assume  that  the  loading  of  the  bunker  in  (a)  is  represented  by  the  tri- 
angular loading  varying  from  p  ■  zero  at  each  support  to  a  maximum  of  ^  ■■  P  at  the  center. 

Let  /  —  one-half  the  span  in  feet; 
S  »  the  sag  in  feet: 

H  »  the  horizontal  component  of  the  streM  in  the  plate  in  lb.  per  lineal  foot  of  bin; 
»  "  weight  of  bin  filling  in  lb>  per  cu.  ft.; 
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T  "  maximum  tension  in  plate  in  lb.  per  lineal  foot  of  bin; 
V  »  reaction  of  the  bunker  in  lb.  per  lineal  foot  of  bin; 
C  »  capacity  of  bunker  in  cu.  ft.  per  lineal  foot  of  bin; 
B  —  origin  of  coordinates. 


Fig.  II. 

Now  if  the  right-hand  half  of  the  bunker  be  cut  away  as  in  (6)  and  moments  be  taken  about 
At  the  moment  will  be 

M  =  H-S  (20) 


If  the  bunker  be  assumed  as  an  equilibrium  polygon  drawn  by  using  a  force  polygon,  the  bending 
moment  at  the  center  is  equal  to  the  pole  distance  multiplied  by  the  intercept  5.  Therefore  H 
must  be  equal  to  the  pole  distance  of  the  force  polygon. 

The  following  equations  are  deduced  in  the  author's  "The  Design  of  Walls,  Bins  and  Giaia 
Elevators." 

Equation  of  the  curve  of  the  bunker 


Capacity  of  bunker  level  full 


y-4{^^-^ 


C  =  \l-S 


(21) 
(M) 


In  calculating  P  for  any  given  bunker,  since  P  is  the  maximum  pressure  for  a  triangular 
loading 

P  =  ^  (a3) 

for  a  bunker  level  full 

P  -  f5w  (24) 


also 


H- 


35 


(25) 


f 
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(36) 


.  c.^i 


+ 


9-i' 


(27) 


The  length  of  the  curve  of  a  suspension  bunker  is  given  in  Table  VIIL 

TABLE  VIIL 
Length  of  OveIUlf  Curve.  L. 


^ 


Sm%  rada  «  Sjl. 

Length,/:. 

Sag  ratio  -  Sfl. 

LcoKtii.  L. 

k 

1.06378/ 

I 

l-4572i^ 

1.13686/ 

1.61131/ 

1.12992/ 

i.7i<)o6l 

1.28307/ 

1.85815/ 

1.36651/ 

The  curve  may  be  conatrurtcd  graphically  as  follows:  In  (f)  Fig.  11  it  is  required  to  pass 
the  curve  through  the  points  A  and  R.  The  loads  i,  2,  3,  4,  etc.,  are  laid  off  in  the  force  polygon 
id),  and  a  pole  0  is  taken.  The  equilibrium  polygon  A-B'  is  then  constructed  in  (e).  Now  we 
know  from  graphic  statics  that  if  two  poles  be  taken  for  the  furce  polygon  in  (d),  and  corresponding 
equilibrium  polygons  be  drawn  through  A,  the  btrings  meeting  on  the  same  load  will  intersect  on  a- 
line  through  A  parallel  to  the  line  O-C.  Now  D  i.s  determined  by  the  intersection  of  rays  D-B* 
and  D-B.     The  true  cun'c  U  then  easily  constryctc<l  and  pole  O*  is  located. 

If  the  bunker  is  surcharged  by  vertical  walls  as  bhown  in  (e)  the  curve  is  extended  until  it 
meets  the  slope  of  the  material,  and  the  sptan  and  sag  are  to  be  used  as  shown. 

Deep  Bins. — For  the  calcuUttiun  of  the  stresses  in  Jeep  bins*  see  the  calculation  of  the  stresses 
in  grain  bins,  Chapter  IX. 

For  methods  of  calculating  the  stresses  in  hopper  bins  with  the  top  surface  surcharged,  and 
the  calculation  of  the  stresses  in  bin  bottoms  and  circular  girders,  see  the  author's  "The  Design 
of  Walls.  Bins  and  Grain  Elevators.'* 

Angje  of  Repose. — The  angle  of  repose  and  the  weights  of  different  materials  are  given  in 
Table  IX. 

DATA. — For  angles  of  internal  friction,  see  Table  IX,  and  for  angles  of  friction  on  bin  wallS) 
•ce  Table  X. 

TABLE  IX. 


Weight  avo  A 

VGLE  OF  Repose  of  Coal 

,  Coke,  .\suiis  and  Ore, 

Matoial. 

Wciiht  Lb. 
pcf  Cu.  Ft. 

Antic  of  Repow 
♦  mDetrees. 

Antborily. 

Bituminous  cosi . 

50 

47   ^ 
47  to  56 
5i 

52.1 

5a  to  56 

53 

»3  to  33 

40 
40  to  45 

55 

35 

27 
27 

27 

41 
371 

40 

35 

Link  Belt  Machinery  Co. 
Link  Bell  Engineering  Co. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Link  Belt  Knginccring  Co. 
K.  A.  Muellenhoff. 
Cambria  Steel. 
Wellman-Seavcr-Morgan  Co. 
Gilbert  and  Barth. 
Cambria  Steel. 
Link  Belt  Machinery  Co. 
Cambria  Steel. 
WcUman-Seaver-Morgtn  Co. 

Bituminous  cost.  (....**..  ■ 

Bituminoui  coal 

Anthracite  coal 

Anthracite  coal 

Anthracite  coal  fine 

Anthracite  coal 

Slaked  coal 

Slaked  cosi 

Coke 

Aahct 

Aahei.  toft  coil 

Ore,  soft  iron 

S12 


HNS. 


Coal,  ore,  etc.,  will  give  an  angle  of  ^  =  40^  if  the  material  is  dry,  but  if  the  material  is 
the  angle  of  repose  may  Ix;  increased  to  nearly  90*. 

Angle  of  Friction  on  Bin  Walls. — The  values  in  Table  X  may  be  used  in  the  absence  of 
accurate  data. 

TABLE  X. 

Angle  of  Friction  of  Different  Materials  on  Bin  Walls. 


Material. 

St«l  Plate, 
^'in  Oegnea. 

Wood  Cribbed. 
4'  in  Decrees. 

Concrete, 
♦'in  Degrees. 

Bituminous  coal 

16 

2$ 

35 

*S 
40 
40 

30 

3S 

ar 
40 
40 

30 

Anthracite  coal 

Ashes 

Coke 

Sand 

Panehi?''^' 


Typtcaf -Sfctton  thraugh  ^hefs* 


Fig.  12.    Coke  and  Stone  Bins,  Lackawanna  Steel  Co. 


Self -cleaning  Hoppers. — In  order  to  have  hoppers  self-cleaning  when  the  material  Is  moist 
it  is  necessary  to  have  the  hopper  bottoms  slope  at  an  angle  considerably  in  excess  of  the  angle  of 
repose  ^  or  angle  of  friction  ^'. 
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Ore  pockets  on  the  Great  Lakes  arc  made  with  hopper  bottoms  at  an  angle  of  48''  40'  to 
50"  45',  but  the  majority  are  at  an  angle  of  49"  45'.  Bituminous  cual  will  &licJc  down  a  steel 
chute  at  an  angle  of  40"  and  a  wooden  chute  at  an  angle  of  45^  Anthracite  coal  will  slide  down  a 
atecl  chute  at  an  angle  of  30°  and  down  a  wooden  chute  at  an  angle  of  35**. 


•^"T 


ELBVAnoM  CiBCULAft  Steel  Orb  Din  fox  Old  Dominion  Copper  Mining  Co. 


DESIGN  OF  BINS. — Bins  are  usually  subjected  to  sudden  loads  and  vibrations  and  should 
be  designed  for  two-thirds  the  allowable  unit  stresses  for  dead  loads  given  in  (§  33  to  41,  inclusive, 
10  "Specifications  for  Steel  Frame  Buildings,"  Chapter  I. 

Bins  are  made  of  timber,  of  structural  steel,  or  of  concrete,  or  the  different  materials  may. 
be  used  in  combination. 

FLAT  PLATES.— The  anabasis  of  the  stresses  in  flat  plates  supported  or  fixed  at  their  edgeii 
is  extremely  difficult.  Tlic  following  formulas  by  Grashof  may  be  used:  The  coefficient  of  laterat 
contraction  is  taken  as  \.  For  a  full  discussion  of  these  formulas  based  on  Grashof's  "Theorie 
Dcr  Klasticitat  und  Fcstigkeit"  sec  Lanza's  Applied  Mechanics. 

1.   Circular  plate  of  radius  r  and  thickntss  t,  supported  around  its  perimeter  and  loaded  wtlA  w 
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per  square  mcn. — 
elasticity, 


Hck. — Let  /  =  maximum  fiber  stress,  r  =  maximum  deflection,  and  E  —  modulus  of 

(28) 


117  u'-r" 


V  " 


128    <» 

189  wr* 
356  £l> 


(29) 


4 


Fig,  14.    Details  for  Circular  Bins  for  Old  Dominion  Copper  Mining  Co. 


3.    Circular  plate  built  in  or  Jixtd  at  the  perimeter. 

f  -  IS  w  .^ 
■^  ~  64    /« 

256  £*'' 


; 


(30) 

(.V) 


3.  Rectangular  plate  of  length  a    breadth  b,  and  thickness  t,  built  in  or  fixed  at  the  edies  and 


BUCKLE    PLATES. 


carrying  a  uniform  load  w  per  square  inch, — Let  fa  be  the  uait  stress  parallel  to  a,  ^  be  the  unit 
stress  parallel  to  b,  and  a  >  b. 


For  a  square  plate  a  »  &. 


2(0*  +  i^)^  '        •'•      2ttt*  +  6*)^ 


/  = 


V  « 


(33) 

(34) 
(35) 


The  strcn^h  of  plates  simply  supported  on  the  edg^es  is  about  }  the  strength  of  plates  fixed. 
Plates  riveted  or  bolted  around  the  edges  may  be  considered  as  &xed. 

For  a  diagram  giving  the  safe  loads  on  flat  plates,  sec  the  author's  *'  The  Design  of  Walls, 
Bins  and  Grain  Elevators,"  also  see  Part  IL 

Buckle  Plates.— Buckle  plates  arc  made  by  "dishing"  flat  plates  as  in  Table  59,  Part  IL 
The  width  of  the  buckle  11^^  ur  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turiKd  with  the  greater  dimension  in  cither  direction  of  the  plate.     Several  buckles  may  h^  put 


/  6ranclftfac 

-2}  Ccnatf9 


dunkerPtatt 

'6aU^orr.Sftrl  '?0 

Detail  shffmf^  enefhoa  effaifminq 
Cancrvtt  h'n!ng  re  QifnAtrplttt 


Sxpan^et/A^ftafor 

Similar  Metal 


Nfitr>Stmyn  f /w»  mthoia^nA  ofpmmA 
Coal  Bunkebs.  Rapid  Transit  Subway,  New  York,  N. 


Y. 


in  one  plate,  all  of  which  must  be  the  same  sixc  and  symmetrically  placed.  Buckle  plates  are 
made  \  in.,  A  in..  I  in.  and  ^  in.  in  thickness.  Buckle  plates  should  Ik.>  firmly  bolted  or  riveted 
■round  the  edges  with  a  maximum  sparing  of  6  in.,  nnd  should  1m*  supported  transversely  l»ctwccn 
the  buckles.  The  process  of  buckling  distorts  the  plate  and  an  extra  width  should  be  ordered  and 
Uie  plate  should  be  trimmed  after  the  process  is  complete. 
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Strength  of  Btukle  Flutes. — The  safe  load  for  a  buckle  plate  with  buckles  placed  up,  is  appnud- 
matcly  given  by  the  formula 

W«4f'R'i  (36) 

where  W  -•  total  .safe  uniform  load  in  tb.  per  inch  of  width  of  plate; 
/  —  safe  unit  stress  in  lb.  per  sq.  in.; 
R  =  depth  of  buckle  in  in.; 
t  =  thickness  of  plate  in  in. 
Where  buckle  plates  arc  riveted  and  the  buckle  placed  down  the  safe  load  is  from  3  to  4  times 
that  given  above. 

TYPES  OF  BINS. — The  most  common  types  are  (i)  the  suspension  bunker,  (2)  the  hopper 
bin,  and  (3)  the  circular  bin. 

Suspension  Bimkers.— Suspension  bunkers  arc  made  by  suspending  a  steel  framework  from 
two  side  members,  the  weight  of  the  filling  causing  the  sides  to  assume  the  curve  of  an  equilibrium 
polygon.  The  stresses  in  the  plates  of  a  true  sus[>ensiQn  bunker  are  pure  tensile  stresses.  Steel 
suspension  bunkers  arc  commonly  lined  with  a  concrete  lining  about  li  to  3!  in.  thick,  reinforced 
with  wire  fabric,  tb  protect  the  metal  of  the  bin. 


,  ,,,  .      P/arf  *  A 


rtJ   \M   r^t'W^^^^^''^ 


-^fc^ 


K^-r^ 


-6af*.Cofr.^tpti^ii 


r- fs-^-' M 

Fig.  16.    Coal  Bunkers,  Rapid  Tsanstt  Subway.  New  York,  N.  Y. 

Hopper  Bins. — Hopper  bins  may  be  made  of  timber,  steel,  or  reinforced  concrete.  A  steel 
coke  and  stone  bin,  erected  by  the  Lackawanna  Steel  Company,  is  shown  in  Fig.  12.  These  bins 
wcTC  divided  into  panels  12  ft.  6  in.  center  to  centtr,  with  double  partitions  at  <ach  pant!  point, 
leaving  a  clear  length  of  il  ft.  6  in.  The  bins  arv  lined  throughout  with  \  in.  plates.  All  rivets 
in  the  floor  are  countersunk.     The  gales  at  the  bottom  of  the  bin  are  cylindrical  and  are  revolved 
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by  a  system  of  shafting  and  gears.  There  is  an  opening  in  the  side  of  the  drum,  and  when  the 
drum  is  revolved  this  opening  comes  opposite  the  opening  in  the  botioni  of  the  bin  and  the  drum 
is  filled.     The  drum  is  then  revolved  and  the  material  is  dumped  into  the  lames. 

Circular  Bias. — Circular  bins  arc  made  of  both  steel  and  reinforced  concrete.  A  circular 
ore  bin  with  a  hemispherical  bottom  is  shorni  in  Fig.  13  and  Fig.  14. 

EXAMPLES  OF  BINS.  Steel  Coal  Bin  for  Rapid  Transit  Subway. — A  cross-section  of  a 
1,000-ton  suspension  bunker  built  by  the  Rapid  Transit  Subway,  New  York  City,  is  shown  in 
Fig,  15  and  Fig.  16.  The  bunker  is  sup(xirted  on  posts  and  is  covered  by  corrugated  steel.  The 
bin  is  lined  with  a  layer  of  concrete  3i  in.  thick,  reinforced  with  expanded  metal.  The  details  of 
construction  are  plainly  shown  in  the  cuts. 


PIcrr*  of  Hoppers  anef 
Moppet  Bottoms 


\Senmr^  fkrafwr  ofHoppen  i  dotfoms 


Anchor  Sofh  l^^iamt 


n'-fMi' 


Cmi6!relfr-IPI.60\i 


F^G.  17.    HoprER  Bin  Cananea  Consolidated  CorrER  Co.,  Canaxea,  Mexico. 
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Ore  Bins  for  Cananea  Consolidated  Copper  Company.^ — Detail  drawings  of  a  hopper  ore 
bin  built  by  the  Cananea  Consolidated  Copper  Company  arc  shown  in  Fig.  17.  The  ore  is  coarse 
and  heavy  and  is  dumped  from  cars  on  the  top  of  the  bins.  The  ore  is  drawn  ofT  through  gates 
on  the  bottom  and  is  carried  away  on  a  conveyor.  The  side  plates  are  i  in.  thick  and  arc  stiilened 
with  channels  spaced  about  4  ft.  apart.  The  hopper  plates  arc  I  in.  thick  and  arc  stiffened  with 
10  in.  channels. 


FJ.96'xr\ 

Fl.H 


H^IF       Half 
CncD/ktt  Crp555ectm 


LonqitudimI  5ecUbn 
at  Center 


Fig.  18.    Steel  Coal  Bins  at  Coketon,  W.  Va. 


Steel  Coal  Bins  for  Davis  Coal  and  Coke  Co.— The  steel  coal  bin  shown  in  Fig.  18  was  designed 
by  the  American  Bridge  Company  for  the  Davis  Coal  and  Coke  Co.  for  the  coke  ovens  at  Coketon, 
W.  Va.  The  framework  is  made  of  structural  steel  and  is  covered  with  corrugated  steel.  The 
bin  is  lined  with  3  in.  oak  plank  spiked  to  timber  spiking  pieces  which  are  bolted  to  the  stcd 
beams.  The  bin  is  carried  on  plate  girders  each  having  a  web  plate  96  in.  X  |  in.,  and  top  and 
bottom  flanges  of  two  angles  6"  X  6"  X  A"-  The  bin  is  filled  by  a  belt  conveyor  passing  over 
the  top  of  the  bin,  as  shown  in  Fig.  18.  The  coal  is  drawn  from  the  bins  through  gates  into  care 
and  is  hauled  to  the  coke  ovens.     The  capacity  of  the  bin  is  300  tons. 

References. — For  the  design  of  reinforced  concrete  bins,  and  for  additional  data  and  examples, 
sec  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators.*' 


CHAPTER  IX. 
Steel  Grain  Elevators. 

Introduction. — Grain  elevators,  or  "silos,"  as  they  are  called  in  Europe,  may  be  divided  into 
two  classes  according  to  the  arrangement  of  the  bins  and  ctr\'atmff  TnachinuPk';  (a)  elevators 
which  are  self  contained,  with  all  the  storage  bins  in  the  main  elevator  or  working  house;  and 
(6)  elevators  having  a  working  house  containing  the  elevating  machinery,  while  the  storage  is  in 
bins  connected  with  the  working  house  by  conveyors.  The  working  house  is  usually  rectangular 
in  shape,  with  sciuare  or  circular  bins;  while  the  independent  storage  bins  arc  usually  circular. 

Wth  reference  to  the  materials  of  which  they  arc  constructed,  elevators  may  be  divided 
into  (l)  timber;  (2)  steel;  (3)  concrete;  (4)  tile,  and  (5)  brick.  Steel  grain  elevators,  only,  will 
be  considcretl  in  this  chapter.  For  a  complete  treatise  on  the  design  of  grain  elevators,  sec  the 
author's  "The  Design  of  Wiills,  Bins  and  Grain  Elevators." 

STRESSES  IN  GRAIN  BINS.— The  problem  of  calculating  the  pressure  of  grain  on  bin 
walls  is  somewhat  similar  to  the  problem  uf  the  R*taining  wall,  but  is  not  so  simple.  The  theory 
of  Rankinc  will  apply  in  the  case  of  shallow  bins  with  smooth  walls  where  the  plane  of  rupture 
cuts  the  grain  surface,  but  will  not  apply  to  deep  bins  or  bins  with  rough  walls.  (It  should  be 
remembered  that  Kanktne  assumes  a  granular  mass  of  unlimited  extent.) 

Stresses  in  Deep  Bins. — Where  the  plane  of  rupture  cuts  the  sides  of  the  bin  ihc  solution  for 
fthallow  bins  does  not  apply. 

Nomenclature. — -The  following  nomenclature  will  be  used: 
4>  =  angle  of  repose  of  the  filling; 

^'  =  the  angle  of  friction  of  the  ftlling  on  the  bin  walls; 
^  —  tan  ^  =a  coefficient  o(  friction  of  filling  on  filling; 
ti'  =  tan  *'  =  coefficient  of  friction  of  filling  on  the  bin  walls; 
X  •■  angle  of  rupture; 

V  «  weight  of  filling  In  lb.  per  cu.  ft.; 

V  "  vertical  pressure  of  the  filling  in  lb.  per  sq.  ft.; 
L  ■•  lateral  pressure  of  the  filling  in  lb.  per  sq.  ft.; 
A  »  area  of  bin  in  sq.  ft.; 

V  "  circumference  of  bin  in  ft.; 
R  =  AjU  =  hydraulic  radius  of  bin. 

Janasen's  Solution. — The  bin  in  (a)  Fig.  i,  has  a  uniform  area  .4,  a  constant  circumference  t/, 
and  is  filled  with  a  granular  material  weighing  w  \kz  unit  of  volume,  and  having  an  angle  of  repose 
^  Let  V  be  the  vertical  pressure,  and  L  be  the  lateral  pressure  at  any  point,  both  V  and  L 
bdng  assumed  as  constant  for  all  points  on  the  horizontal  plane.  (More  correctly  V  and  L  will 
be  constant  on  the  surface  of  a  dome  as  in  (&).) 

The  weight  of  the  granular  material  between  the  sections  of  y  and  y  ■\-  dy  ^  A  'W'dy;  the 
total  frictional  force  acting  upwards  at  the  circumference  will  be  =  /!,•  t^-lan  ^''dy,  the  total 
perpendicular  pressure  on  the  upper  surface  will  be  —  V-A\  and  the  total  pressure  on  the  lower 
■orfaoe  will  be  -  (  K  +  rf  V)A, 

Now  these  vertical  pressures  arc  in  equilibrium,  and 


and 


V'A  -  (V  +  rfn.l  +  Atv'dy  -  Lt'tan^*^dy  -o 


—  I  IP  —  L-tan^'  -:  jdy 
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Now  in  a  granular  mass,  the  lateral  pressure  at  any  point  is  equal  to  the  vertical  preaBure 
times  kt  a  constant  for  the  particular  granular  material,  and 

Also  let  A/U  =  R  (the  hydraulic  radius),  and  tan  ^'  ■»  /i'» 
Substituting  the  above  in  (i)  we  have 


Now  let 


and 


'  i 

jl 

^ar  farce  of  \  \ 
Merttrfcf/-^  ' 

y 

-'   *          '  ^  -^ 

^1 

' 

' 

—  J 

L_ 

R 
dV 


=  n 


w 


-rfy 


a) 


I'U'dy 


t 


(o) 


*'--'. 


1  '^'.  I 

XT ^ — : 


I'l/'tfy. 


(3) 


Fig.  I. 


Integrating  (3)  we  have 

log  (w  -  «•  V)  =  ~ny  +  C 

Now  if  y  =  o,  then  K  =  o,  and  C  =»  log  w,  and  (4)  reduces  to' 


and 


'^i^'^)-- 


w 
w  —  tfV 


n-y 


B  g-^r 


where  «  is  the  base  of  the  Naperian  system  of  logarithms.    Solving  for  V  wc  have 

K  =  !?(,_,-.,) 
n 

Substituting  the  value  of  n  from  (2),  we  have 

F  =  p?(i-^-M'.W*) 
Now  if  A  be  taken  as  the  depth  of  the  granular  material  at  any  point  we  will  have 

V 


Also  since 


U) 


(S) 


(« 


(7) 
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Now  if  vf  13  taken  in  lb.  per  c 
Fur  dcvp  bins  with  a  depth  ( 
right  band  member  of  {S)  may  be 


L 

-  A-V 

L 

-'-r^ 

I    -p-*-M 

'JI/JS) 

•u.  ft.,  and  R 
A  more  tlian 
omitted,  and 

in  ft.,  th 
two  and 

t  pressure  will  be  given 
one-haif  diameters  the 

V 

wR 

approx.) 

(8) 

in  lb.  per  sq.  ft. 
last  term  of  the 


I         Now  both  m'  and  k  can  only  be  determined  by  experiment  on  the  particular  grain  and  kind  of 
bin.     For  wheat  and  a  woo<lcn   bin,  Janssen   found  \x    =  0.3  and  k  =  0.67,  making  kn*  =  0.20. 
Jamieson  found  by  experiment  that  for  wheat  k  »  0.6.  and  he  found  values  in  Table  1  for  m' 
with  wheat  weighing  50  lb.  per  cu.  ft.  and  having  ^  =  28°,  m  -  0.53a: 


TABLE  I.   ■ 
Coefficients  of  Feiction  ^'  for  Wheat  on  Bin  Walls. 
Jamieson. 
Wheat  WeighinR  50  lb.  per  cu.  ft.,  and  Angle  of  Repose  ^  »  28  Degrees. 


M;iteri.iJs. 


Wheat  on  wheat 

Wheat  on  siccl  trough  plate  bin 

Wheat  on  siccI  Hat  plate,  riveted  and  tie  bars. 

Wheat  on  steel  cylinders,  riveted 

Wheat  on  ccmcnt-concrctc,  smooth  to  rough . . 

Wheat  on  tile  or  brick,  smooth  to  rough 

Wheat  on  cribbed  wooden  bin ,  ,  . 


Coeffideot  of  FHctiou- 


0.533 

0468 
0.375  to  0.400 
0.365  to  0.375 
0.400  to  0.425 
0.400  tu  0.425 
0.420  to  0.450 


k 


Pleisncr  obtained  the  values  of  /i'  as  given  in  Table  11,  aod  of  k  as  given  in  Tabic  III. 

TABLE  II. 
Coefficients  op  Friction  of  Grain  Bin  Walls.    Plbisnbr. 


Ililia. 

Cocfftdcnt  of  Friction  pi'  «  i:m  *'.                           1 

Wheat. 

Rye. 

Cribbed  bin 

0.43 

0.58 

0.25 

0.4s 
0.71 

0.54 
0.78 
0-37 
0.55 
0.85 

Rinved  cribbed  bin          ...»*•>... 

Small  nlank  bin                      .*.*4... 

f  Aff»^  nlank  bin                 

Reinforced  concrete  bin        

T 

VALtTES  OF  A  *   LfV  FOR   WhEAT  AND 

ABLB  in. 

f>rHER  Grains  in  Diffei 

iKNT  Bins.    Pleisner. 

Blna. 

*  -  LfV.                                                           1 

Wlwt. 

Rye. 

Rape, 

Flu-«ed. 

Cribbed  bin    

Rinped  cribbed  bin 

Small  plank  bin. ...  ■      .    . 

I.jfge  plank  bin 

Reinforced  concrete  bin. 

0.4    to  0.5 
0.4   to  0.5 
o.)4  to  Q.46 

0.3 
0.3    to  0.3!; 

0.23  to  0.32 
0.3    to  0.34 
0.3    to  0.4; 
0.23  to  0.28 

O-T 

....:...,.... 

0.5  to  0.6 

O-S  to  0,6 

- 1 

22 
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TABLE  IV. 
Hyperbolic  ok  Naperian  Logarithms. 


N. 

Log. 

N. 

Log. 

N. 

Los. 

I.OO 

0.0000 

3.6s 

1.2947 

6.60 

1.8871 

1.05 

0.0488 

3.70 

1.3083 

6.70 

I.9021 

l.IO 

0-0953 

3-75 

1.3218 

6.80 

I.9169 

LIS 

0.1398 

3.80 

1-3350 

6.90 

1-9315 

1.20 

0.1823 

3.85 

1.3481 

7.00 

1-9459 

I.2S 

0.2231 

3.90 

1.3610 

7.20 

1-9741 

1.30 

0.2624 

3-95 

1.3737 

It 

2.0015 

1-35 

0.3001 

4.00 

1.3863 

2.0281 

1.40 

0.336s 

4.05 

1.3987 

7.80 

2-0541 

1.4s 

0.3716 

4.10 

1. 41 10 

8.00 

a.0794 

1.50 

0.405s 

415 

1.4231 

8.2s 

2.x  102 

1-55 

0.4383 

4.20 

1-4351 

8.50 

2.I4OI 

1.60 

0.4700 

4.25 

1.4469 

8.75 

2.169I 

1.65 

0.5008 

430 

1.4586 

9.00 

2.197a 

1.70 

0.5306 

4-35 

1. 4701 

9.25 

2.2246 

1-75 

0.5596 

4.40 

1.4816 

9-50 

2J513 

1.80 

0.5878 

4-4S 

1.4929 

975 

2.2773 

1.85 

0.6152 

4.50 

1.5041 

10.00 

2.3026 

1.90 

0.6419 

4.55 

"•515* 

11.00 

2-3979 

1.9s 

0.6678 

4.60 

1.5261 

12.00 

2.4849 

2.00 

0.6931 

4.65 

1.5369 

13.00 

2.5649 

2.05 

0.7178 

470 

1.5476 

14.00 

2.6391 

3.10 

0.7419 

4-75 

1.5581 

15.00 

2.7081 

2.15 

0.7655 

4.80 

1.5686 

16,00 

2.7726 

2.20 

0.7885 

4.85 

1-5790 

17.00 

2.8332 

2.25 

0.8109 

490 

1.5892 

18.00 

2.8904 

2.30 

0.8329 

4-95 

1-5994 

19.00 

2-9444 

i-35 

0.854* 

5.00 

1.6094 

20.00 

2-9957 

2.40 

0.8755 

5-os 

1.6194 

31.00 

3044s 

2-45 

0.8961 

S.io 

1.6292 

22.00 

3.0910 

2.50 

0.9163 

5-15 

1.6390 

23.00 

3-1355 

2-55 

0.9361 

5.20 

1.6487 

24.00 

3.1781 

2.60 

0.9S55 

S-2S 

1.6582 

25.00 

3.2189 

2.65 

0.9746 

5-30 

1.6677 

26.00 

3.2581 

2.70 

0.9933 

5-35 

1.6771 

27.00 

3.2958 

2.75 

1.0116 

5.40 

1.6864 
1.6956 

28.00 

3-3322 

2.80 

1.0296 

5.45 

29.00 

3.3673 

2.85 

10473 

5-50 

1.7047 

30.00 

34012 

2.90 

1.0647 

S-55 

1.7138 

31.00 

3-4340 

2.95 

1.0818 

S.60 

1.7228 

32.00 

3-4657 

3.00 

1.0986 

5.65 

1-73 17 

33-00 

34965 

305 

I.IIS4 

5.70 

1.7405 

34-00 

3.5264 

3.10 

1.1314 

H^ 

1.7492 

35.00 

3-5553 

3.15 

1.1474 

5-80 

1-7579 

40.00 

3.6889 

3.20 

1.1632 

5.85 

1.7664 

45.00 

3.8066 

3-25 

1.1787 

5-90 

1.7750 

50.00 

3-9120 

3.30 

1.1939 

5-95 

1.7834 

60.00 

4.0943 

3-35 

1.2090 

6.00 

1.7918 

70.00 

4-2485 

3.40 

1.2238 

6.  0 

1.8083 

80.00 

4.3820 

3.45 

1.2384 

6.20 

1.8245 

QO.OO 

44998 
4.6052 

3.50 

1.2528 

6.30 

1.8405 

100.00 

3.55 

1.2669 

6.40 

1.8563 

3.60 

1.2809 

6.50 

1.8718 

It  will  be  seen  in  (8)  that  the  maximum  lateral  pressure  in  a  bin  which  must  be  used  in  tbe 
design  of  deep  bins,  is  independent  of  k,  and  that  therefore  an  exact  determination  of  Jk  is  not  very 
important.     In  calculating  the  \^Iues  of  V  and  L  in  (7)  and  (8),  it  Is  necessary  to  use  a  table  of 
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natural  or  hyperbolic  logarithms.  A  brief  table  of  hyperbolic  logarithms  is  given  in  Table  IV. 
To  find  ihc  hyperbolic  logarithm  of  any  number,  using  a  table  of  Brigg's  or  common  logarithms, 
U3C  the  relation:  The  hyperbolic  or  Naperian  logarithm  of  any  number  —  common  or  Bri^*s 
logarithm  X  2.30259. 

The  author  haa  calculated  the  lateral  preasures  on  steel  plate  bins.  Fig.  2. 
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To  use  Fig.  2  to  calculate  the  pressures  in  rectangular  bins,  calculate  the  pressure  in  a  circular 
or  square  bin  which  has  the  same  hydraulic  radius,  R  (R  =  area  of  bin  +  perimeter  of  bin),  as 
the  rectangular  bin. 

It  will  be  seen  in  Fig.  2  that  the  pressure  varies  as  the  diameters,  where  the  height  divided 
by  the  diameter  is  a  constant.  By  using  this  principle  the  pressure  for  any  other  diameter  within 
the  limits  of  the  diagram  may  be  directly  interpolated. 

Problem  l.  Required  the  lateral  pressure  at  the  bottom  of  a  cement  lined  bin,  10  ft.  in 
diameter  and  20  ft.  high,  containing  wheat  weighing  50  lb.  per  cu.  ft.  Assume  ;i'  «  0.416,  and 
k  "  0.6,  also  R  will  =  2§  ft.,  w  =  50  lb.,  A  =  20  ft.,  and  A'*i'  =  0.35. 

Now  from  (8) 

50X2.5 
0.416 


Z- 


(l    _  e-Mlx»/t») 


«  300(1  -  e-«) 
Now  from  Tabic  IV  the  numljer  whose  hyperbolic  logarithm  U  2.00  In  7.40,  and 

—  260  lb.  per  sq.  ft., 
«  1.8  lb.  per  aq.  in. 
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Gemum  Practice. — ^Janssen's  formula  is  given  in  Hutte  Des  Ingenteun  Taachenbuch,  as 
the  standard  formula  for  the  design  of  grain  bins.  For  wheat  Janssen  found  that  m'  **  0.3,  and 
k  B  0.67,  so  that  fi''k  '^  0.30.  Using  these  values  and  changing  to  English  units,  we  have  for 
wheat. 

0.2  ' 

otU  d  =  diameter  or  side  of  bin,  then 

K  =  }w-d(i  -«-^>^/*) 

which  is  the  German  practice. 

Load  on  Bin  Walls. — ^The  walls  of  a  deep  bin  cany  the  greater  part  of  the  weight  of  the 
contents  of  the  bin.  The  total  weight  carried  by  the  bin  walls  is  equal  to  the  total  pressure,  P, 
of  the  grain  on  the  bin  walls,  multiplied  by  the  coefficient  of  friction  m'  of  the  grain  on  the  bin 
walls. 

From  formula  (8)  the  unit  pressure  on  a  unit  at  a  depth  y  will  be 

L^^?i(i  ~  ^-fc-M'-y/*)  (10) 

and  the  total  lateral  pressure  for  a  depth  y,  per  unit  of  length  of  the  perimeter  of  the  bin,  will  be 

Now  the  last  term  in  (11)  is  very  small  and  may  be  neglected  for  depths  of  more  than  two 
diameters,  and 

p=.!iil-|^y__J  (approx.)  (13) 

The  total  load  per  lineal  foot  carried  by  the  side  walls  of  the  bin  will  be 

P -/  =  «,.i?[y-^]  (approx.)  (13) 

For  the  total  weight  of  grain  carried  by  the  side  walls  multiply  (13)  by  the  length  of  the  cir- 
cumference of  the  bin. 

Formulas  (13)  and  (13)  may  be  deduced  as  follows: — The  grain  carried  by  the  sides  ci  the 
bin  will  be  equal  to  the  total  weight  of  grain  in  the  bin  minus  the  pressure  on  the  bottom  of  the 
bin.     If  P  is  the  total  side  pressure  on  a  section  of  the  bin  one  unit  long,  then 

P'U'M*  --W'A-y~  A-V  (a) 

and  solving  (b) 

=■  ^ [y  ■  F7 J  (app'^o'^)  03) 

and  the  total  load  carried  on  a  section  of  the  bin  one  unit  long  will  be  found  by  multiplying  P  in 

(II)  by  m',  and 
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b 


-  w-  i?  I  y  -  ]f7-r  I  (approx.) 


(13) 


For  example  take  a  steel  bin  lO  ft.  in  diameter  and  lOo  ft.  deep;  weight  of  wheat,  w  «  50 
lb.  per  cu.  ft.;  angle  of  friction  of  wheat  on  steel,  /j'  =»  0.375;  angle  of  repose  of  grain  on  grain, 
fi  =  tan  aS"  =  0.533  0*  does  not  occur  in  formula  (13)  but  may  be  used  in  calculating  an  approxi- 
mate value  of  *  "»  (l  —  sin  28*)/(i  -f  sin  28°)  =  0.37  which  is  a  close  approximation  to  jfe  =  0.4 
which  will  be  used).    Then  the  load  carried  by  the  side  walls  per  lineal  foot  will  be  from  (13) 


»  10,416  lb. 


The  total  load  on  the  entire  bin  walls  will  be 

Pm'  X  3»-4i6  -  327.635  Il>- 

The  total  weight  of  wheat  in  the  bin  is 

50  X  78.5  X  100  =  392,700  lb. 

and  the  total  load  carried  by  the  bottom  of  the  bin  is 

392,700  -  327.635  =  65,065  lb. 

and  the  pressure  on  the  bottom  ^V  »  65.065/78.54  ■■  830  lb.  per  sq.  ft.  From  formula  (7)  we 
find  thai   V  =  830  lb.  per  sq.  ft. 

EXPERIMENTS  ON  THE  PRESSURE  OF  GRAIN  IN  DEEP  BINS.— The  laws  of  pressure 
of  grain  and  similar  materials  are  very  difTcrenl  from  the  well  known  laws  of  fluid  pressure.  Dry 
wheat  and  corn  come  very  nearly  filling  the  definition  of  a  granular  mass  assumed  by  Rankine  in 
deducing  his  formulas  for  earth  pressures.  As  stored  in  a  bin  the  grain  mass  is  limited  by  the 
bin  walls,  and  Rankine's  retaining  wall  formulas  are  not  directly  applicable. 

If  grain  is  allowed  to  run  from  a  spout  onto  a  floor  it  will  heap  up  until  the  slope  reaches  a 
certain  angle,  called  the  angle  of  repose  of  the  grain,  when  the  grain  will  slide  down  the  surface 
of  the  cone.  If  a  hole  l)e  cut  in  the  bottom  of  the  side  of  a  bin,  the  grain  will  flow  out  until  the 
opening  is  blocked  by  the  outflowing  grain.  There  is  no  tendency  for  the  grain  to  spout  up  as 
in  the  case  of  fluids.  If  grain  be  allowed  to  flow  from  an  orifice  it  flows  at  a  constant  rate,  which 
is  independent  of  the  head  and  varies  a»  the  diameter  of  the  orifice. 

Experiments  by  Willis  Whited,*  and  by  the  author  at  the  University  of  Illinois,  with  wheat 
have  shown  that  the  flow  from  an  orifice  is  independent  of  the  head  and  varies  as  the  cube  of  the 
diameter  of  the  orifice.  This  phenomenon  can  be  explained  as  follows:  The  wheat  grains  in 
the  bin  lend  to  form  a  dome  which  supports  the  weight  above.  The  surface  of  this  dome  is 
actually  the  surface  of  rupture.  When  the  orifice  is  opened  the  grain  flows  out  of  the  space  below 
the  dome  and  the  spare  is  filled  up  by  grains  dropping  from  the  top  of  the  dome.  As  these  grains 
drop  othcn  take  their  place  in  the  dome.  Experiments  with  glass  bins  show  that  the  grain  from 
the  center  of  the  bin  is  discharged  first,  this  drops  through  the  lop  of  the  dome,  while  the  grain 
in  the  Icmer  part  of  the  dome  dischargefl  hut. 

The  law  of  grain  pressures  has  been  studied  experimentally  by  several  engineers  within 
rrcent  years.  A  brief  resume  of  the  most  important  experiments  is  given  in  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators."  where  alter  a  careful  study  of  all  available  experi- 
ments the  author  reached  the  following  conrlusions: — 

I.  The  pressure  of  grain  on  bin  walls  and  bottoms  follows  a  law  (which  for  convenience  will 
be  called  the  law  of  "semi-fluids"),  which  ia  entirely  different  from  the  law  of  the  pressure  of  fluids. 

•  Ppoc  Eng.  Soc.  of  W^est.  Penna.,  April,  1901. 
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2.  The  lateral  pressure  of  grain  on  bin  walls  is  less  than  the  vertical  pressure  (0.3  to  0.6  of 
the  vertical  pressure,  depending  on  the  grain,  etc.),  and  increases  very  little  after  a  depth  of  2} 
to  3  times  the  width  or  diameter  of  the  bin  is  reached. 

3.  The  ratio  of  lateral  tu  vertical  pressures,  k,  is  not  a  constant,  but  varies  with  different  grains 
and  bins.     The  \'alue  of  k  can  only  be  dctcrminc<l  by  expcrimrnt. 

4.  The  pressure  of  moving  grain  is  very  slightly  greater  than  the  pressure  of  grain  at  rest 
(maximum  variation  for  ordinary  conditions  is,  probably,  10  per  cent). 

5.  Discharge  gates  in  bins  should  be  located  at  or  near  the  center  of  the  bin. 

6.  ]f  the  discharge  gates  are  located  in  the  sides  of  the  bins,  the  lateral  pressure  due  to  moving 
grain  is  decreased  near  the  discharge  gate  and  is  materially  increased  on  the  side  opposite  the 
gate  (for  common  conditions  this  increased  pressure  may  be  two  to  four  times  the  lateral  pressure 
of  grain  at  rest). 

7.  Tic  rods  decrease  the  fiow  but  do  not  materially  affect  the  pressure. 

8.  The  maximum  latrral  pressures  o«iTur  immixUately  after  filling,  and  are  slightly  greater 
in  a  bin  hllcd  rapidly  than  in  a  bin  filled  slowly.  Maximum  lateral  pressures  occur  in  deep  bint 
during  filling. 

9.  The  calculated  pressures  by  either  Jansscn's  or  Airy's  formulas  agree  very  closely  with 
actual  pressures. 

10.  The  unit  pressures  determined  on  small  surfaces  agree  very  closely  with  unit  pressures 
on  large  surfaces. 

11.  Grain  bins  designed  by  the  fluirl  theory  are  in  many  cases  unsafe  as  no  pro\rision  is 
for  the  side  walls  to  carry  the  weight  of  the  grain,  and  the  walls  are  crippled. 

12.  Calculation  of  the  strength  of  wooden  bins  that  have  been  in  successful  operation  shows 
that  the  fluid  theor>'  is  untenable,  while  steel  bins  designed  according  to  the  fluid  theory  have 
failed  by  LxippHng  the  side  plates. 

RECTANGULAR  STEEL  BINS.— for  the  calculation  of  the  stresses  in  and  the  design  of 
rectaniiular  steel  bins,  see  the  author's  "The  Design  of  Walls,  Bins  aud  Grain  Elevatore," 
Second  Edition. 

CIRCULAR  STEEL  BINS. — In  the  designing  of  steel  grain  bins  particular  attention  should 
be  given  to  the  horizontal  joints,  and  to  the  strength  of  the  bin  to  act  as  a  column  to  support  the 
grain.  To  calculate  the  thickness  of  the  metal  the  horizontal  pressure  L  is  obtained  from  Jan- 
Bsea's  formula,  and  then  the  thickness  may  be  found  by  the  formula 


25/ 


(M) 


where  t  =  thickness  of  the  plate  in  in.; 

L  —  horizontal  pressure  in  lb,  per  sq.  in.; 
d  *  diameter  of  bin  in  in.; 
S  =  working  stress  in  steel  in  lb.  per  sq.  in.; 
/  =  efficiency  of  the  joint. 
The  unit  stress  S  may  be  taken  at  16,000  lb.  per  sq.  in.,  and  /  will  be  about  57  per  cent  for  a 
■ingle  riveted  lap  Joint,  73  per  cent  for  a  double  riveted  lap  joint,  and  80  per  cent  for  double 
riveted  double  strap  butt  joints.  For  the  efficiency  of  riveted  joints,  see  Table  Ha,  Chapter  XL 
The  allowable  stresses  given  for  the  design  of  steel  mill  buildings  should  be  used  in  design. 
These  allowable  stresses  are  as  follows:  Tension  on  net  st-ctiim  16,000  lb.  per  sq.  in.;  shear  on 
cross-section  of  rivets  11,000  lb.  per  sq.  in.;  bearing  on  the  projection  of  rivets  (diameter  X  thick- 
ness of  plate)  22,000  lb.  per  sq.  in.  Compression  in  ct)lumns  P  =  16,000  —  7o//r  where  P  —  unit 
pstressinlb.  per  sq.  in.,f  =  length  of  member  and  r  =  radiusof  gyration  of  the  member,  both  in  inches. 
Rivets  in  Horizontal  Joints. — The  side  walls  carry  a  brge  part  of  the  weight  of  the  grain  in 
the  bin  and  this  should  be  considered  in  designing  the  horizontal  joints.  The  weight  of  the 
grain  supported  by  the  bin  above  any  horizontal  joint  can  be  calculated  as  shown  in  the  following 
example.   Assume  a  steel  plate  bin  25  ft.  in  diameter,  and  it  is  required  to  calculate  the  grain 
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supported  by  the  bin  walls  atx>vc  a  horuontal  joint  75  ft.  below  the  top  of  the  grain.  From 
equation  (13)  the  grain  carried  by  the  bin  walls  per  lineal  foot  of  circumference  of  bin,  where 
iv  »  50  lb.  per  cu.  ft,;  /  =  0.375;  *  =  040.  also  R  =  25/4  =  6.35.  and 


»  10,415  lb. 


The  weight  of  the  steel  bin  above  the  joint  may  be  taken  as  1,250  lb.  per  lineal  foot  of  joint. 
The  horizontal  riveting  should  then  Ix*  designed  for  a  shear  of  11,665  lb,  per  lineal  forjt  of  joint. 
Assume  that  the  plates  are  |  in.  thick  and  the  nvets  I  in.  in  diameter.  For  allowable  stresses  of 
l6,[X>o  lb.  per  sq.  in.  in  tension,  11.000  lb.  per  sq.  in.  in  shear,  and  22,000  lb.  per  sq.  in.  in  com- 
pression; then,  Tableii4,Part  II,  the  value  of  a  J  in.  shop  rivet  Jn  single  shear  =  4,860  lb.,  and  a 
field  rivet  is  J  of  4,860  ~  3. 240  lb.,  and  in  compression  =  6,190  lb.  for  shop  rivets  and  =  4.127 
lb.  for  field  rivets.  For  a  lap  joint  therefore  the  spacing  should  not  be  greater  than  3.240  X  12 
-T-  11,665  «  3.25  in.,  requiring  but  one  row  of  rivets. 

Stresses  in  ■  Steel  Bin  Due  to  Wind  Moment. — If  M  is  the  moment  due  to  the  wind  acting 
on  the  bin  above  the  horizontal  joint,  then  the  stress  per  lineal  foot  of  joint  due  to  wind  moment 
will  l>c 

5  -  ^ ,  but  /  «  iT.rf>  (approx.)  and  5  =  "^^ 


(15) 


where  all  dimensions  are  in  feet.  For  a  wind  load  of  30  lb.  per  sq.  ft.  on  two-thirds  of  the  tank 
(20  lb.  per  sq.  ft.  on  the  entire  surface  of  the  tank)  the  wind  stress  will  be  5  =  2,865  ^^-  P*^*"  '»neal 
foot.  T\\v  spacing  therefore  should  not  be  greater  than  3,240  X  12  +  (11,665  +  2,865)  =  2}  in. 
Stiflenere. — In  large  circuLir  steel  bins  the  thin  side  walls  arc  not  sufficiently  rigid  to  support 
the  weight  of  the  grain  and  it  is  neces8ar>'  to  &upi>ly  stifTcners.  Fur  this  puriK>sc  angles  or  Z-bars 
may  be  used.  Experience  has  shown  that  bins  in  which  the  height  is  e<iual  to  or  greater  than 
about  2J  times  the  diameter  do  not  need  stifFeners.  There  is  at  present  no  rational  method  for 
the  design  of  these  stiflfencrs  or  the  stififeners  in  plate  girders.  In  Fig.  9  will  l>e  seen  the  details 
of  a  steel  bin  of  the  Independent  Steel  Elevator  with  Z-bar  stiffencrs.  Angle  stiffcncrs  were 
Uicd  in  the  bins  of  the  Electric  Elevator,  Minneapolis,  Minn. 


Fig.  3. 
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I*LAN  OF  Steel  Storage  Bins  for  a  Steel  Elevator. 


Circular  steel  bin*  are  u»ed  for  storage  in  large  elevators  and  may  be  used  for  a  complete 
elevator  as  in  Fig.  3.  The  space  between  the  bins  is  sometimes  used  for  auxiliary  storage.  The 
circular  bin  walls  arc  stiffened  by  means  of  vertical  channels,  and  the  auxiliar>*  bins  are  cruss-braccd 
with  rtcfl  rods.  Complete  details  of  circular  steel  bins  for  the  Independent  Elevator,  Omaha, 
Neb.,  nrc  sho^'n  in  Fig.  9. 
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Steel  Country  Elevator. — General  plans  o(  a  steel  grain  elevator  for  the  Manhattan  Milling 
Co.,  designed  and  constructed  by  the  Minneapolis  Steel  &  Machinery  Co.,  Minneapolis,  Minn., 
arc  given  in  Fig.  4.  This  elevator  could  easily  be  changed  to  a  Bhipping  elevator  by  putting  in  a 
wagon  dump.  Grain  is  run  from  the  cars  into  the  boot  of  the  receiving  leg,  and  is  then  elevated 
and  conveyeti  by  a  screw  conveyor  to  the  large  storage  bins,  or  is  run  into  the  temporary  storage 
bins,  then  cleanetl  and  elevated  and  conveyed  to  the  storage  bins  by  the  screw  conveyor.  The 
bins  are  built  of  steel  plates,  and  the  working  house  is  built  of  steel  framework  covered  with  cor- 
rugated steel.  This  elevator  has  a  capacity  of  76,500  bushels  hut  the  scheme  can  be  used  for  a 
30,000  to  40,000  bushel  elevator  for  cither  shipping  or  for  milling  pur}x>6es. 

THE  INDEPENDENT  STEEL  ELEVATOR.  OMAHA,  NEB.  General  Description.— 
This  elevator  consists  of  a  steel  working  house  having  n  bin  rapacity  of  240,000  bushels  and  8  steel 
storage  bins  having  a  storage  capacity  of  100,000  bushels  each,  making  a  total  storage  capacity  of 
1,040,000  bushels. 

The  steel  working  house  is  64  ft.  X  70  ft.,  with  14  ft.  sheds  on  two  ends  and  one  side,  as 
shown  in  Fig.  5.  The  sub-stor^'  of  the  building  is  36  ft.  The  bins  are  64  ft.  4  in.  high,  as  shown 
in  Fig.  6,  and  are  supported  on  steel  columns,  as  shown  in  Fig.  6  and  Fig.  7.  The  spouting  story 
is  24  ft.  6  in.  high;  the  gamer  and  scale  story  is  26  ft.  6  in.  high;  and  the  machinery  story  is  13 
ft.  8  in.  high.  The  walls  below  and  above  the  bins  arc  covered  with  No.  24  corrugated  steel  laid 
with  1 1  corrugations  side  lap  and  3  in.  end  lap.  The  roof  is  covered  with  No.  22  corrugated  steel 
laid  directly  on  the  steel  purlins  with  2  corrugations  side  tap  and  6  in.  end  lap. 

On  the  first  or  working  floor  the  floor  between  the  tracks  is  made  of  J  in.  plate  bolted  to  the 
beams,  while  the  remainder  of  this  floor  is  made  of  concrete  filled  in  above  concrete  arches  which 
rest  on  the  flanges  of  the  beams  with  a  finish  i  {  in.  thick  of  Portland  cement  mortar  consisting 
of  one  part  cement  to  one  part  clean,  sharp  sand.  The  concrete  is  composed  of  one  part  Portland 
cement,  two  parts  sand,  and  five  parts  crushed  stone. 


♦-^^-'-Hj/^yk 


Fig.  5.    Plan  of  Ikoepekdent  Elbvatok. 


'The  floor  of  the  cupola  throughout  the  difTcrent  floors  and  in  the  gallery  leading  over  the 
bins  is  made  of  No.  24  corrugated  steel  resting  on  steel  framework,  and  covered  with  3  in.  of  con- 
crete and  a  one-inch  finish  of  one  to  one  Portland  cement  mortar  troweled  smooth.  All  doors 
arc  uf  the  rolling  steel  type.  The  window  frames  were  made  of  2  in:  X  6  in.  timbers  and  arc 
covcre<l  with  No.  26  sheet  steel.  All  windows  are  provided  with  l|  in.  checked  rail  sash  and  are 
glared  with  double  strength  glass. 

Painting. — All  steel  work  of  every  description  was  painted  with  one  coat  oxide  of  iron  paint 
at  the  shop  and  a  second  coal  after  erection.  The  tank  plates  and  corrugated  stttl  were  painted 
on  the  exterior  surface  only  after  erection. 

Bins. — The  eight  steel  storage  bins  are  44  ft.  in  diameter  and  Ro  ft.  high,  have  a  capacity  of 
100.000  bushels  and  rest  on  separate  concrete  foundations.  The  bins  are  constructed  of  steel 
plates  stiffened  with  Z-bars,  as  shown  in  Fig.  9.  The  bins  arc  covered  with  a  steel  plate  roof, 
Fig.  12,  supported  on  roof  tniases,  as  shown  in  Fig.  II  and  Fig.  13.     A  conveyor  gallery  10  ft. 
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Fig.  6.    Transverse  Section  op  Woreikg  House  of  IvDBPEyDSNT  Elevator. 
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Fic.  7.    LoNcmiDiNAL  Sectiok  of  Workisc  House  op  Indbpendknt  Elrvmo*- 
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widc  and  8  ft.  high  extends  from  the  working  house  over  the  bins.  A  conveyor  tunnel  extends 
from  the  working  house  under  the  bins.  The  rivet  spacing  in  the  circular  bina  is  shown  in  Fig.  9. 
The  bins  in  the  working  house  are  arranged  as  shown  in  Fig.  8,  and  are  constructed  of  plates* 
as  shown  in  Fig.  6  and  Fig.  7.  The  bins,  14  ft.  X  16  ft.,  are  braced  in  the  comers  with  angle 
braces  spaced  5  ft.  centers  vertically,  and  of  the  sizes  shown  in  Fig.  8.  The  large  bins  arc  also 
braced  with  ]  and  J-in.  round  rods  spaced  5  ft.  apart  as  shown.  All  the  smaller  bins  are  braced 
with  1-in.  round  rods  spaced  2  ft.  6  in.  apart  as  shown.  Vertical  angles  in  the  sides  of  the  bins 
are  provided,  as  shown  in  Fig.  6,  Fig.  7,  and  Fig.  tJ. 
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EQUIPMENT. — There  are  two  stands  of  receiving  elevators  with  receiving  pits  on  either 
side.  These  elevators  have  22-inch  6-ijIy  belts  and  20  in.  X  7  in.  X  7  ia.  buckets  spaced  14  in. 
apart;  the  receiving  pits  are  covered  with  steel  grating,  and  a  pair  of  Clark's  automatic  grain 
shovels  are  located  at  each  unloading  place.  These  elevators  arc  driven  with  an  electric  motor 
of  100  H.  P.,  each  elevator  being  driven  with  a  clutch  and  pinion  so  that  the  elevator  may  be 
stopped  and  started  at  wilt. 

There  is  one  stand  of  shipping  elevators  constructed  in  the  same  manner,  having  a  36-in. 
6-ply  belt  and  2  lines  of  12  in.  X  7  in.  X  7  in.  buckets  spaced  14  in.  apart. 
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Fig.  10.    Details  of  Bin  Bottoms  and  Conveyors  under  Bins,  Independent 

Elevator, 


There  are  two  stands  of  cleaning  elevators  with  f4-in.  6-p!y  belts  with  12  in.  X  6  in.  X  6  in. 
buckets  spaced  12  in.  apart. 

There  are  also  two  screenings  elevators  with  9-in.  5-ply  belts  with  8  in.  X  S  in.  X  S  in. 
buckets  spaced  12  in.  apart. 

The  shipping,  screenings,  and  cleaner  clc%'ator5  are  driven  from  a  line  shaft  which  is  driven 
by  a  100  H.  P.  motor,  each  elevator  being  driven  by  a  core  wheel  and  pinion. 

Three  scale  hoppers,  having  a  capacity  of  1,800  bushels,  are  located  in  the  cupola,  and  three 
garner  hoppers  of  1,800  bushels  capacity  are  located  above  the  scale  hoppers. 

The  main  line  shaft  on  the  first  floor  is  driven  by  a  170  H.  P.  motor. 

A  car  puller  capable  of  moving  23  leaded  cars  is  provided. 

Elevators. — The  boots  of  the  receiving  and  shipping  elevators  rest  in  water-tight  steel  bfid 
tanks  made  of  f^-xn,  steel  plates.     The  elevator  boots  arc  made  of  ^-xti.  steel  plates,  the  boot  puV 
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leys  having  a  vertical  adjustment  of  8  inches.  The  elevator  cases  are  made  of  No.  12  steel  up  to 
the  bins,  and  of  i^-in.  plates  in  the  bins,  and  No.  14  steel  above  the  bins.  The  cases  are  strength- 
ened by  angles  at  the  corners.  The  elevator  heads  are  made  of  No.  14  steel.  At  each  receiving 
elevator  is  a  large  elevator  pit  extending  from  the  leg  back  to  the  center  of  the  track.  This  pit 
it  constructed  of  beams  and  iV->n.  plates  and  is  covered  with  a  grating  of  i|  X  i-in.  bars  spaced 
1 1  in.  apart. 

The  elevator  buckets  are  "Buffalo"  buckets;  those  for  the  receiving  elevators  are  20  in.  X  7 
in.  X  7  in.;  for  the  shipping  elevators  two  lines  of  12  in.  X  7  in.  X  7  in.  buckets;  for  the  cleaning 
elevators  one  line  of  12  in.  X  6  in.  X  6  in.  buckets;  and  for  the  screenings  elevator  one  line  of 
8  in.  X  5  in.  X  5  in.  buckets.  The  buckets  in  the  receiving,  shipping  and  cleaning  elevators 
are  spaced  14  in.  ajiart,  while  those  in  the  screenings  elevator  arc  sfiaced  12  in.  apart. 

The  elevator  belts  in  the  receiving  elevators  are  22  in.  wide  and  6-ply,  the  shipping  bells 
are  26  in.  wide  and  6-p!y;  the  cleaning  belts  are  14  in.  wide  and  6-ply,  and  the  screenings  bclta 
are  9  in.  wide  and  5-ply*     The  belling  is  made  of  33  ounce  duck  and  is  first-class. 


Hoof  frctmtnq  Plan  for  Ibrnhs. 
Fig.  II.    Framisg  for  Roof  of  Circltlar  Bins,  Independent  Elevator. 


Spouts. — The  building  is  provided  with  a  complete  system  of  spouts.  The  general  distrib- 
uting spouts  from  the  scales  to  the  shipping  spouts  arc  double-jointed  Mayo  sfxiuts.  There  are 
three  shipping  spouts  which  are  provided  with  telcsr-oping  bottom  sections.  All  bin  bottoms 
arc  provided  with  a  revolving  s{Mut  with  a  cut-ofT  gate  operated  with  a  rack  and  pinion,  with 
cords  leading  to  within  reaching  distance  of  the  Boor. 

CouTeyors. — The  conveyor  belt  leading  from  the  working  house  over  the  bins  is  a  36  in. 
^^y  conveyor  belt,  is  carried  on  disc  rolls  consisting  of  3  siraight-faccd  6-in.  pulleys  and  3  special 

;  the  discs  run  loose  on  the  shafts,  which  are  1  j^-in.  diameter  and  are  spaced  5  ft.  centers* 

return  rolls  are  5-in,  straight-faced  rolls  spaced  15  ft.  centers.  At  each  point  in  the  elevator 
whcrr  grain  is  loaded  onto  the  belt  there  arc  two  pairs  of  special  concentrating  rolls.    Movable 
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trippers  provided  with  spouts  are  provided,  so  that  grain  may  be  discharged  on  cither  side  of  the 
bc!t.  The  entire  conveyor  is  carried  on  a  steel  framework.  The  conveyor  belt  is  driven  by  a 
40  H.  P.  motor.  The  conveyor  in  the  tunnct  leading  from  the  storage  tanks  to  the  working 
house  is  of  the  same  type  as  the  conveyor  above  the  bins,  and  is  supported  on  a  steel  framework* 
OJtcept  that  the  top  or  carrying  rolls  are  all  of  the  concentrating  types,  as  shown  in  Fig.  10.  The 
concentrating  rollers  arc  composetl  of  two  straight-faced  rolls  from  the  main  shaft,  and  two 
concentrating  rolls  mcrting  at  an  angle  of  45**  to  the  straight  rolls.  The  lower  conveyor  is  driven 
■   by  a  rope  drive  from  the  main  line  shaft  in  the  working  house. 


Details  of  Steel  Roof  Truss  for  Steel  Bins,  Independent  EIlevator. 


Scale  Hoppers. — There  are  three  scale  hoppers  of  i,8cx>  bushels  capacity,  each  mounted 
on  a  Kairlianks-Mursc  and  Company's  scales,  having  a  capacity  of  84,000  lb.,  and  have  steel 
frames.  The  hoppers  have  A-in.  steel  plate  sides,  and  J-in.  plate  bottoms,  stiffened  with  angle 
irons,  and  are  tied  together  with  tic  rods.  Each  hopper  is  provided  with  a  22-in.  cast  iron  outlet 
with  a  steel  plate  cut-off  gate. 

Gamers. — A  steel  garner  hopper  is  placed  directly  over  each  scale  hopper.  The  gamers 
have  a  capacity  of  1,800  bushels,  and  are  constructed  with  ]^-in.  side  plates  and  ^-in.  bottom 
plates.  The  bottoms  of  the  gamers  arc  hoppcrcd  to  four  opcningSi  which  are  provided  with  gates 
sliding  on  steel  rollers. 

Cleaning  Machines.^A  large  size  cleaning  machine  and  a  large  size  oat  clipper  arc  provided. 
These  machine*,  are  connected  with  a  large  dust  collet  tor  which  discharges  the  dust  from  the 
cleaning  mnchincs  and  from  the  sweepings  outside  of  the  building. 

Car  Puller, — A  car  puller  having  a  capacity  of  a.s  loadifl  cars  is  provided.  The  car  puUer 
has  two  drums,  each  provided  with  400  ft.  of  [-in.  crucible  steel  cable. 

Shovels. — A  pair  of  Clark  automatic  grain  shovels,  with  all  necessary  counterweights,  sheaves,, 
scoops,  etc.,  arc  provided. 

The  total  weight  of  steel  in  the  elevator  is  1,700  tons;  approximately  900  tons  in  the  working 
house,  and  800  tons  in  the  circular  bins  and  conveyors. 

The  total  cost  wa'^  5^205,000,  of  which  the  8  steel  bins  and  conveyors  cost  |8o,ooo. 

COST  OP  STEEL  GRAIN  ELEVATORS.— The  following  costs  of  steel  grain  elevators  ha\-e 
been  taken  from  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  which  also  gives 
costs  of  reinforced  concrete  and  tile  bins,  and  timber  grain  elevators.  The  total  cost  of  the  steel 
Crsin  elevator  of  the  working  house  type,  constructed  by  the  Great  Northern  Railway  at 
Superior,  Wis.,  was  39.65  cts,  per  bushel  of  storage.  The  elevator  had  a  storage  capacity  of 
3,100,000  bushels,  and  the  steel  weighed  7  lb.  per  bushel  of  storage  capacity.    The  Independent 
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Elevator  cost  gi  cts.  per  bushel  storage  capacity  for  the  steel  bins.and  54  eta.  per  bushel  storage 
capacity  for  the  working  house.  A  steel  country  elevator  having  four  steel  tanks,  17}  ft.  diam- 
eter and  30  ft.  high,  with  an  interspace  bin  and  a  conveyor  shed,  and  having  a  storage  capacity 
of  30,000  bushels,  weighed  3  lb.  per  bushel  of  storage  capacity.  The  shop  coet  and  cost  of  erec- 
tion of  the  structural  steel  was  I15.00,  and  ^19.00  per  ton,  respectively. 

References. — For  the  design  of  reinforced  concrete  grain  bins  and  elevators,  and  for  additional 
data  and  examples,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


CHAPTER  X. 
Steel  Head  Frames  and  Co.\l  Tipples, 

Types  M  Head  Works  for  Mines. — The  dt'sign  of  the  head  works  for  a  mine  depends  upon 
the  material  which  is  to  Ix^  hoisted,  ii[mn  the  depth  of  the  mine,  the  im^ination  of  the  shaft,  the 
fate  of  hoisting,  the  amount  to  be  hoisted  at  one  time,  the  treatment  of  the  ore  or  coal  after  being 
hoisted,  and  upon  the  material  used  in  the  constnictJon  of  the  structure.  Head  works  for  mines 
may  be  tUvidcd  into  three  classes:   (l)  head  frames;  {2)  rock  houses;  (3)  coal  tipples. 

The  first  head  frames  were  constructed  of  timber;  the  most  common  tyix:  being  the  4-post 
head  frame.  The  square  or  rectangular  mine  tower  was  cross-braced  and  the  shi^avc  supports 
were  made  of  heavy  timber.  The  back  brace  was  inclined  and  was  placed  between  the  hoisting 
rope  and  the  line  of  the  resultant  of  the  stress  in  the  hoisting  rope. 
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Steel  head  frames  vary  in  design  to  suit  local  conditions  and  the  ideas  of  the  designer.  The 
A-framc  in  Fig.  I  is  the  most  satisfactory  tj'pe  where  conditions  permit  of  its  use.  It  is  simple 
in  design  and  economical  of  material;  the  stresses  are  statically  determinate,  and  it  can  be  easily 
and  effectively  braced,  making  a  very  rigid  frame.  The  4-post  frame  in  Fig.  2  is  the  type  to  use 
when  it  is  necessary  to  hoist  from  several  compartments  of  a  shaft  not  in  a  single  line.  It  is  also 
used  for  ci">al  tipples  and  double  com|>artnicnt  shafts.  The  4-jM>st  frame  is  not  so  croni>niical  of 
material  as  the  A-frame;  is  more  difficult  to  brace  effectively,  i)artly  for  the  reason  that  part  of 
ihe  bracing  in  the  tower  must  }tc  omitted  to  prrmit  the  dumping  of  the  ore  or  roal.  and  in  addition 
the  Btresflca  arc  statically  indeterminate.  The  frame  shown  in  Fig.  3  is  a  modification  of  the 
A*framc  used  for  an  inclined  shaft.  Several  early  head  frames  in  the  coal  fields  of  Pennsylvania 
were  built  on  the  lines  of  the  frame  shown  in  Fig,  4,  This  type  of  frame  has  no  points  of  merit 
and  is  practically  obsi>lete. 

For  an  elaborate  discussion  of  the  design  of  head  frames,  coal  tipples,  and  other  mine  atnic- 
Curcs,  sec  the  author's  "The  Design  of  Mine  Structures.'* 

METHODS  OF  HOISTING.— In  hoisting  from  inclinwl  or  vertical  shafts,  the  hoisting 
engine  Is  i>Iaced  at  s«>me  distance  from  the  mouth  of  the  shaft,  the  cable  passes  up  over  the  sheave 
At  the  top  of  the  head  frame  and  into  the  shaft.  The  rope.  If  roun<l,  is  carried  on  a  smooth  or  a 
grooved  hoisting  dium,  and  if  flat,  is  carried  on  a  hoisting  reeb  The  maximum  working  load  on 
ihe  rope  otxurs  when  the  loaded  skip  or  cage  is  being  hoisted  from  the  b4)ttom  of  the  shaft.  The 
working  load  then  consists  of  the  skip  or  cage,  the  loatt.  the  accelerating  force,  the  weight  of  the 
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rope  itself,  and  the  friction  of  the  rope  on  the  sheave  and  drum  and  of  the  ildp  or  cage  in  the 
guides. 

With  round  ropes  the  hoisting  drum  for  deep  mines  is  commonly  made  conical,  the  aman 
diameter  being  used  when  the  load  is  at  the  bottom  of  the  shaft.    Flat  ropes  are  wound  on  a  reel. 


5he3VB 
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Fig.  4. 


80  that  the  small  diameter  is  used  when  the  load  is  at  the  bottom  of  the  shaft,  the  diameter  of 
the  reel  increasing  as  the  rope  is  wound  up.  The  required  height  of  the  head  frame  depends 
upon  (i)  the  room  required  for  screening,  crushing  and  handling  the  coal  or  ctfc;  (3)  the  speed 
of  hoisting — with  rapid  hoisting  it  is  necessary  to  have  a  height  from  the  landing  to  the  sheaves 
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of  from  two  to  three  times  the  height  of  the  cage  or  skip  or  a  full  revolution  of  the  drum  to  prevent 
over  winding,  and  (3)  the  desired  location  of  the  hoisting  engine.  With  a  given  height  of  head 
frame  A,  the  distance  rf.  Figs,  i  to  5,  depends  upon  the  diameter  of  the  sheave,  the  diameter  of 
the  rope,  and  whether  the  rope  is  round  or  flat.    The  sheave  should  be  as  large  as  can  conveniently 
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be  used,  as  the  larger  the  sheave  the  longer  the  Ufe  of  the  hoisting  rope.  The  inertia  of  a  targe, 
heavy  sheave,  howcvtT.  with  rapid  hoisting  may  kink  the  rope  and  cause  excessive  wear.  The 
bending  stresses  in  flat  ropes  for  a  sheax-e  of  given  diamtter  arc  less  than  in  round  ropes  having 
equal  strength,  but  the  life  of  fiat  ropes  is  less  than  for  round  ropes.  Flat  ropes  are  wound  on 
reels  which  are  at  all  times  in  line  with  the  head  frame  sheave,  while  round  ropes  are  wound 
on  a  drum  so  that  the  horizontal  angle  between  the  center  line  of  the  sheave  and  the  cable  is 
continually  changing.     The  distance,  d,  for  llat  ropes  can  then  be  less  than  for  round  ropes. 


I 
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Fig.  6.    GxLBERTON  Steel  H^ad  Frahe. 

Hoisting  from  mine  shafts  is  commonly  done  in  two  compartments  of  the  shaft  at  the  same 
time,  the  unloaded  skip  or  cage  descending  as  the  loaded  skip  or  cage  ascends.  This  is  known  as 
hcnsting  in  balance  or  counterbalance.  There  is  a  considerable  saving  in  po«'er  in  hoisting  in 
balance.  To  hoist  in  balance  it  is  necessary  to  lake  ore  from  one  level  with  both  skips  unless  the 
Whiting  system  is  used.  When  a  round  rope  winds  off  the  drum  it  makes  an  angle  with  the 
groove  in  the  sheave  on  the  head  frame  and  the  friction  increases  the  tension  in  the  cable  and 
also  hmIuccs  its  life.  To  reduce  the  friction  and  wear  the  hoisting  engines  arc  placed  at  a  con- 
siderable distance  l>ack  frtim  the  head  frame. 

The  head  frame  may  be  placed  so  that  the  sheaves  are  parallel,  as  in  Figs,  i  to  4,  or  so  that 
the  sheaves  arc  in  tandem,  as  in  Figs.  5  and  6.  With  the  latter  method  it  is  neccssar>'  to  place 
the  hoisting  engine  farther  from  the  shaft  than  where  the  sheaves  are  in  parallel.  Where  the 
hoisting  engine  is  placed  well  back  from  the  shaft  it  becomes  necessary  to  support  the  hoisting 
rope  on  idlers,  as  shown  in  Fig.  6.  Where  mines  have  thrc<i  compartment  shafts,  ore  is  commonly 
hoisted  from  but  two  compartments,  the  third  comi^artment  being  used  for  pumps,  pipes,  etc. 
Thi»  arrangement  makes  it  necessary  to  place  the  head  sheaves  so  that  they  will  not  be  syra- 
uictrical  with  the  center  line,  bringing  heavier  working  strcssca  on  one  side  of  the  head  frame 
than  on  the  other  side. 

Hoisting  from  Deep  Mines. — In  deep  mines  the  rope  in  the  mine  becomes  a  large  part  of 
the  load  and  various  mcthorls  ha\T  been  used  to  counterbalance  the  weight  of  the  rope.  Four 
methorJs  for  obviating  the  difficulty  just  mentioned  have  been  used:  (l)  the  Koe|>e  system; 
(a)  the  Whiting  system;  (3)  modifications  of  (i)  and  (2).  and  (4)  by  the  use  of  a  taper  rope  Thc«c 
methods  are  dc9rril)c<l  in  the  author's  "The  Design  of  Mine  Structures." 

HOISTING  ROPES. — Rounrl  hoisting  ropes  arc  commonly  made  of  six  strands,  each  of 
which  is  formed  by  twisting  uinctcen  wires  together,  the  strands  being  wound  around  a  hemp 
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center.  Ulre  strands  are  twisted  around  the  core  either  to  the  right  or  the  left,  and  the  resulting 
rope  is  cither  "right  lay"  or  "left  lay."  The  twist  may  be  long  or  short;  the  shorter  twist  forms  a 
more  flexible  rope,  while  the  longer  twist -forms  a  more  rigid  rope.  Wire  rope  is  made  of  iron, 
open-hearth  steel,  crucible  steel,  and  plough  steel.  The  strength  of  the  wire  from  which  the 
rope  is  made  is  alx>ut  as  follows:  iron  wire,  40,000  to  100,000  lb.  per  sq.  in.;  open-hearth  sleel 
wire.  50,000  to  130,000  lb.  per  sq.  in.;  crucible  steel  wire,  130,000  to  190,000  lb.  per  sq.  in.;  and 
plough  steel  wire,  190.000  to  350,000  lb.  per  sq.  in.  Hoisting  ropes  arc  usually  made  of  crucible 
cast  steel  or  plough  steel.  *' 

Flat  wire  rope  is  composed  of  several  round  ropes  who«e  diameter  is  equal  to  the  required 
thickness  of  the  flat  rope,  laid  side  by  side  and  sewed  together  with  iron  or  annealed  cast  steel 
wire.  The  round  ropes  are  alternately  of  right  and  left  lay  or  twist,  h.ive  four  strands  without 
either  hemp  or  wire  center.  The  number  of  wires  in  eiich  strand  is  usually  seven,  but  may  be 
nineteen.  The  chief  drawbacks  to  the  use  of  flat  wire  rope  arc  its  first  cost  and  the  rapid  wear 
of  the  sewing  wires. 

Flat  ropes  and  reels  are  used  to  a  limited  extent  in  the  western  part  of  the  United  States,  while 
round  rofx-s  are  generally  used  in  hoisting  coal  and  in  the  deep  copper  and  iron  mines  in  Michigan. 

Strength  of  Wire  Rope. — The  dimensions,  weight  and  strength  of  round  crucible  steel  hoisting 
rope  are  given  in  Table  I,  while  similar  data  for  plough  steel  hoisting  rope  are  given  in  Tabic  11. 
The  strengths  of  wire  rope  given  by  the  different  makers  differ  somewhat. 


TABLE  L 

Cast  Steel  Hoisting  Rope.    Ultimate  Strength,  Working  Strenctb  and  Weight  of 

Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Ce.ster,  19  Wires 

TO  THE  Strand. 
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4 

Working  Load  on  Hoisting  Rope. — The  stresses  in  a  hoisting  ro[>c  are  the  sum  of  the  stresses 
due  to  (i)  the  weight  of  the  ru|X',  (2)  the  friction  of  the  rope,  (3)  the  bending  of  the  rope  over  the 
head  sheave,  (4)  the  live  load,  and  (5)  the  impact  due  to  starling  and  stopping  the  load.  The 
ttnaaes  due  to  bending  arc  discussed  in  the  next  section.  The  stresses  due  to  impact  vary  from 
aero  to  twice  the  working  load  if  the  hoisting  cable  is  taut,  and  to  several  times  the  working  Umd 
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Plough  Steel  Hoisttnc  Rope.    Ultimate  Strength,  Working  Strength  and  Weight  of 

Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires 

TO  the  Strand. 
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T.ABLE  ML 

Cast  Steel  Flat  Hoisting  Rope.     Ultimate  Strength,  Working  Stress  and  Weight  of 

Flat  Wire  Rope  Composed  of  4  Strands,  7  Wires  to  the  Strand. 
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if  the  cable  is  slack.  If  a  descending  cage  should  stick  and  then  drop,  the  stress  will  be  equal 
to  the  kinetic  energy  developed  and  will  be  very  targe.  The  load  due  to  starting  a  cage  suddenly 
from  the  bottom  of  a  shaft  may  be  taken  as 

K  ^aW  +  R  +  F  (x) 

where  K  «  stress  in  lb.  at  the  sheave  at  the  instant  of  picking  up  the  load; 

W  »  gross  load  in  lb.; 

R  =  weight  of  rope  in  lb. ; 

F  =  friction  in  lb..  ^  (W  -\-  R)f,  where  /  «  coefficient  of  friction,  which  may  be  taken 
at  o.oi  to  0.O2  for  vertical  shafts  and  from  0.02  to  0.04  for  inclined  shafts  with  the  rope  supported 
on  rollers.  The  working  load  should  not  be  greater  than  K  plus  the  stress  due  to  bending,  and 
should  not  exceed  \  of  the  ultimate  strength  of  the  rope,  or  I  of  the  ultimate  strength  for  direct  pull. 
For  inclined  shafts  with  angle  of  inclination  with  horizontal  «  0,  the  stress  in  the  rope  due 
to  starting  the  cage  is 

K'  =  {2W  +  i?)  sin  ff  +f{W  -\-R)cos0  (2) 

Bending  Stresses  in  Wire  Rope. — ^The  stresses  due  to  bending  will  depend  upon  the  tUameter 
of  the  rope,  the  make-up  of  the  rope,  the  angle  through  which  the  rope  is  bent,  and  the  diameter 
of  the  sheave.  The  unit  stress  due  to  bending  in  a  round  hoisting  rope  may  be  obtained  from 
formula  (3),  the  form  of  which  is  due  to  Rankine  ("  Machinery  and  Mill  Work,"  p.  5^). 

5  =  1,894,000  g  (3) 

where  D  =  the  diameter  of  the  sheaves  in  inches,  and  d  =  the  diameter  of  the  rope  in  inches. 
The  area  of  the  steel  in  a  routid  hoisting  rope  is  approximately  a  *-  0.4^',  and  the  total  bending 
stress  in  a  round  rope  will  be 

5»  -  S-a  -  757.600  ^  (4) 

Now  the  direct  breaking  strength  of  a  crucible  steel  round  rope  is  closely 

U  «  6o,oood»  (S) 

Where  bending  stress  is  considered,  the  safe  working  load  should  not  exceed  }  of  the  ultimate 
strength,  and  the  safe  working  load,  L,  should  not  exceed 

L  =  20,ooaP  -  757,600  ^  (6) 

The  safe  working  loads  for  crucible  steel  round  ropes  based  on  formula  (6)  are  given  in  Fig.  7.* 
For  plough  steel  ropes  the  ultimate  strength  is  U  '^  70,oood*,  and 

L  ==  26,700?  -  757.600^  (60 

Mr.  William  Hewitt  in  "Wire  Rope,"  published  by  the  Trenton  Iron  Company,  gives  the 
following  formula  for  bending.f 

5» 11_  (7) 

where  E  «  the  modulus  of  elasticity  of  steel,  a  -  the  area  of  the  rope  in  sq.  in.,  D  =■  the  diameter 
of  the  sheave  in  inches,  d*  =  the  diameter  of  the  individual  wires  in  inches,  and  C  >■  a  constant 

*  Redrawn  from  a  diagram  prepared  by  Mr.  E.  T.  Sederholm,  Chief  Engineer,  AlUs-Chalmcn 
Company. 

f  Also  see  Engineering  News,  May  7,  1896. 
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Fig.  7,    Safh  Working  Stresses,  Z..  in  Crucible  Steel,  Rouvd  Hoisting  Ropb. 

deprnrling  upon  the  rope,  and  varies  from  9.37  for  haulage  rope  to  27.81  for  tiller  rope.    For 
miiiliiiil  lti*isting  rope,  C  -"  15.45.     Substituting  E  «  29,000,000, 


a  ■■  0.4  <f*,  ami  d!  ■-  — ,  wc  have 

'5 


c       75Q'OOo<P 
^^         D-d 


(B) 


Since  d  a  very  small  as  compared  with  the  values  of  D  used  in  hoisting,  formulas  (4)  and  (8) 
five  practicalty  the  same  results. 
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The  bending  stresses  in  crucible  steel  flat  ropes  arc  given  in  Fig.  8. 

Cages  end  Skips. — For  details  of  cages  and  skips,  see  the  author's  "The  Design  of 

Structures," 


riat  5tee!HoidinqKope5,foiT 
slronds  of  seven  wires  each. 
Totolmhlrea  equals  direct 
stress piu5  bendhq  stressor 
equab  30,000  lbs  per  3q.  in. 
fiorhinq  unit  stress  equals  50,000 
minus  bendin<j  stress. 
Bending  stress  in  rope  equals 
c.    U.ZOO.OOO'di 

d-diam.  of  each  wire  In  inches 
'-05575  forf&Ml5forfrope. 
;f  =  Kadm  of  hub  in  inches. 


ZE,000  ^ 

10,000  ^ 

16,000  g 

14,000  ^ 

l2fl(X)  ■ 


J^  41         4B         54         60         66 

Diafneter  of  ^eef  Hubs  in  Inches 
Fig.  8.    Safe  Working  Stresses,  Z,  in  Cruoblb  Steel,  Flat  HorsnNG  Rope. 

Sheaves  and  Safety  Hooks. — For  details  and  data  on  sheaves,  safety  hooks,  etc., 
authiir's  "The  Design  uf  Mint-  Structures." 

EXAMPLES   OF   STEEL   HEAD   FRAMES,— The  detail  plans  for  thrre  steel  head  frai 
taken  from  the  author's  "The  Design  of  Mine  Structures"  are  excellent  examples  of  steel 
frames.     Data  on  1 6  siccl  head  frames  arc  given  in  Table  V. 
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Steel  Head  Frame  for  the  Diamond  Mine.— The  details  of  the  steel  hpaci  frame  of  the 
Diamond  mine  arc  shuwn  in  Kig.  9.  The  Djamimd  head  frame  is  100  ft,  high  from  the  collar 
of  the  shaft  to  the  center  of  the  sheaves.  The  shaft  is  2,800  ft.  deep.  The  sheaves  are  10  fL 
in  diameter  and  carry  a  7  in.  X  i  in.  flat  rope.  The  ore  is  hoisted  in  self-dumping  skips  with  a 
capacity  of  7  tons  and  weighing  3J  tons,  and  is  dumped  into  hoppers  from  which  it  is  run  directly 
into  cars  which  pass  beneath  the  head  frame.     The  main  front  columns  and  back  braces  are 
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Fig.  9.    Steel  Head  Frame  for  Diamond  Mine,  Btrn.T  by  tiiE  Gillette-Herzog  Mfg.  Co. 

made  of  built-up  sections  consistinR  of  one  cover  plate  10  in.  X  A  »"-.  two  plates  18  in.  X  A  >n-i 
4ans1'?»3i  in-  X  3J  in.  X  ^  in.,  with  ladng  bars  on  the  inner  side  4  in.  X  |  in.  The  main  diagonal 
bracing  i«  made  of  two  channcU  laced.  The  total  weight  of  the  structural  steel  in  the  head  frame 
fkroper  was  293,000  Ih.,  while  the  steel  work  in  the  bins  weighed  36,000  lb.  At  40  cts.  per  hour 
the  cost  of  shop  lalior  on  the  structural  steel  was  1.09  ctt.  per  lb.  The  co«t  of  erection,  everything 
being  riveted,  was  $11.20  per  Ion. 

Steet  Head  Frame  for  the  New  Leonard  Mine.— The  steel  head  frame  shown  in  Fig.  10  was 
built  by  the  American  Bridge  Company  for  the  New  Leonard  mine  of  the  Boston  &  Montana 
Copper  Company.  Butte.  Montana.     The  head  frame  is  of  the  A-typc,  and  is  140  ft.  high  from 
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the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  mine  has  a  four  compartment  shaft,  two 
of  the  compartmentb  being  used  for  hoisting  ore.  The  mine  is  now  1,697  ft.  deep,  but  the  head 
frame  was  designc<l  for  .in  ultimate  depth  of  3,500  ft.  The  ore  is  hoisted  in  five-ton  self-dumping 
skips  with  a  single  deck  cage  above  the  skip.  The  ski|Mi  weigh  7,500  lb.  each.  Fuur-dcck  cages 
arc  used  for  hoisting  men.  The  hoisting  rope  is  1}  in.  in  diameter,  a  round  hoisting  rop»e  being 
an  innovation  in  the  Butte  district.  The  rate  of  hoisting  is  2.800  ft.  per  minute.  The  skip  ore 
bins  have  a  capacity  of  150  tons.  From  the  skip  ore  bins  the  ore  runs  into  railroad  ore  bins  (not 
shown  in  Fig.  14),  26  ft.  9  in.  wide  by  150  ft.  !ong,  with  a  capacity  of  1.500  tons.  The  sheaves  are 
12  ft.  in  diameter,  and  arc  pl.iccd  5  ft.  lo  in.,  center  to  center. 

The  main  posts  are  made  of  two  channels  ra  in.  @  aoj  lb.,  with  a  cover  plnte  16  in.  wide 
and  A  in.  and  J  in.  thick,  with  lacing  on  the  inner  side.  The  back  braces  for  the  lower  two 
panels  are  made  of  channels  12  in.  @  30  lb.,  with  a  plate  16  in.  X  j|  in.;  the  third  section  is  made 
of  two  channels  12  in.  @  30  lU,  with  a  plate  16  in.  X  A  in-<  while  the  two  upper  sections  are 
made  of  channels  12  in.  @  20J  lb.,  laced  on  both  sides.  The  main  struts  and  diagonal  braces  are 
made  of  two  channels,  with  battens  top  and  bottom.  The  skip  guides  are  made  of  two  channcU 
12  in.  @2o|  lb.  The  main  girder  at  thetopof  the  back  brace  consists  of  one  plate  36  in.  XI  in.,  and 
four  angles  4  in.  X  4  in.  X  I  in.  The  skip  bins  arc  supported  on  columns  made  of  two  channela 
10  in.  @  15  lb.,  laced  on  both  sides.  Where  two  channcU  are  used  for  a  section,  the  6anges  are 
turned  out.  The  New  Leonard  head  frame  is  one  of  the  highest  in  the  country,  and  is  one  of  the 
best  designed  frames  that  has  been  constructed.  The  shipping  weight  of  the  structural  steel  in 
this  head  frame  was  346.425  lb. 

Tonopah-Belmont  Steel  Head  Frame. — The  Belmont  shaft  of  the  Tonopah-BclmoaC  Mining 
Co.,  Tonopah,  Nevada,  is  at  present  1,420  ft.  deep.  It  has  three  compartments,  one  for  the 
ladder-way  and  pipes  and  two  for  hoisting.  Double-deck  cages  of  the  Leadvilte  type  are  use<t 
lor  hoisting,  but  the  use  of  skips  is  contemplated  later.  The  head  frame.  Fig.  11,  is  of  the  A-type, 
and  the  height  is  75  ft.  from  the  base  to  the  center  of  the  sheaves.  The  hoisting  drum  is  placed 
xoo  ft.  from  the  center  of  the  shaft. 

TABLE  IV. 

Estimate  of  Weight  of  75-FT.  Steel  Head  Frame,  Tonopah- Belmont  Miking  Co. 
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The  sheave  wheels  are  of  the  bicycle  pattern  with  a  diameter  of  84  in.  at  the  center  of  the 
rope  groove,  and  an  over  alt  diameter  of  91  in.  Each  wheel  has  16  spokes  of  i^  in.  rolled  iron 
rods.  The  spokes  are  cast  at  their  inner  ends  into  two  rings  16  in.  in  diameter  and  3  in.  «-ide. 
so  that  they  form  integral  parts  of  the  hub,  which  is  13  in.  in  diameter  and  16  in.  long,  while  the 
outer  ends  arc  cast  into  bosses  on  the  inside  of  the  ring.  The  rolled  steel  shafts  are  16  in.  in 
diameter  at  the  central  portion  with  bearings  5  in.  in  diameter,  and  are  12  in.  long.  The  rope 
grooves  arc  turned  in  hard  maple  blocks  fastened  in  a  recess  in  the  rim.  The  total  weight  of 
the  sheaves  is  2,950  lb.  each. 


360 


STEEL  HEAD  FRAMES  AND  COAL  TIPPLES. 


Chap.  X. 


The  head  frame  is  designed  so  as  to  give  a  factor  of  safety  of  8  when  there  is  on  each  sheave 
a  load  of  100,000  lb.  The  head  frame  is  sufficiently  strong  and  rigid  to  permit  of  hoisting  loads 
of  7  tons  from  a  depth  of  2,000  ft.  at  a  speed  of  1,000  ft.  per  minute  without  appreciable  vibration 
during  the  most  severe  period  of  starting  and  acceleration. 


TABLE  V. 
Data  on  Steel  Head  Frames. 
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The  head  frame  was  built  by  the  Kokcn  Iron  Works,  St.  Louis,  Mo.,  was  made  of  structural 
steel  furnished  under  standard  specifications,  and  was  fully  riveted  up  in  place  with  pneumatic 
hammers.     The  shipping  weight  of  the  structural  steel  was  63,000  lb. 

The  hoist  is  placed  100  ft.  from  the  shaft,  and  is  a  Wcllman-Seaver-Morgan  double  drum 
electric  hoist  with  drums  having  64  in.  diameter  and  a  face  36  in.  wide  between  flanges.  The 
hoist  is  designed  to  operate  in  of  out  of  balance  and  is  capable  of  handling  a  load  of  12,000  lb. 
at  a  speed  of  i.ooo  ft.  per  minute.  The  hoisting  rope  is  a  six  strand,  nineteen  wire,  plow-steel 
rope,  I  in.  in  diameter,  that  weighs  1.58  lb.  per  ft.,  and  each  rope  is  1,700  ft.  long.    The  diameter 


TONA PAH— BELMONT  STEEL   HEAD  FRAME. 


351 


»- '.(h^l- - 

^      yO;^'^--: ■Jfh99  


Si 


^ 


STEEL  HEAD  FRAMES  AND  COAL  TIPPLES. 


of  the  drum  at  the  hoist  is  64  in.,  but  the  rope  winds  twice  around  the  drum,  so  that  the  diameter 
is  66  in.  near  the  end  of  ihc  lift.  With  proper  allowance  for  bending  stresses  the  working  stresses 
under  the  most  severe  conditions  do  not  exceed  the  working  load  of  7.6  tons  as  given  by  the  manu- 
facturers of  the  wire  rojx?. 

Estimate  of  Weight  of  a  Steel  Head  Frame. — A  summary  of  a  detailed  estimate  of  the  75  ft. 
steel  head  frame  built  by  the  American  Bridge  Company  at  Tonopah,  Nev.,  is  igiven  in  Table  IV. 
The  details  arc  394  per  cent  of  the  weight  of  the  main  memljcrs.  The  rivet  heads  are  4. 1  per  cent 
of  the  weight  of  the  structure. 

For  additional  examples  of  steel  head  frames,  see  the  author's  "The  Design  of  Mine  Struc- 
tures." 

COAL  TIPPLES. — The  design  of  a  coal  tipple  dcjx^nds  upon  the  quality  of  the  coal,  upon 
whether  the  coal  is  hoiste<I  from  the  shaft  or  is  taken  from  a  drift  or  tunnel,  and  upon  the  work 
that  it  is  necessary  to  do  In  order  to  prepare  the  coal  for  the  market.  The  coal  tipple  for  a  bitumi- 
nous mine  in  which  the  coal  is  h(tistcd  from  a  shaft,  consists  of  a  head  frame  and  a  shaker  structure 
or  tipple  proper  where  the  coal  is  weighed  and  screened.  A  coal  tipple  for  an  anthracite  mine 
ordinarily  consists  of  a  head  frame  with  storage  bins  into  which  the  coal  is  run  without  crushing 
or  screening;  the  coal  being  prepared  for  market  in  a  separate  breaker  building.  Where  bituminous 
coal  is  dirt>'  or  contains  a  large  amount  of  refuse  material  it  is  sometimes  cleaned  in  a  washer 
building,  or  is  broken,  ^zcd  and  cleaned  in  a  coal  breaker. 

With  a  double  compartment  shaft  the  shaking  structure,  or  tipple  proper,  is  usually  placed 
with  its  axis  at  right  angles  to  the  renter  line  of  the  two  compartments.  The  hoisting  ropes 
may  be  either  parallel  to  the  axis  of  the  tipple,  in  which  case  the  head  sheaves  are  parallel;  or 
may  be  placed  at  right  angles  to  the  axis  of  the  tipple,  in  which  case  the  sheaves  are  placed  in 
tandem.  The  cail  may  be  run  through  rotary  screens,  or  over  shaking  screens  as  is  now  the 
common  practice.  Shaking  screens  arc  usually  divided  into  sections  and  arc  driven  by  eccentrics 
placed  180  degrees  apart.  The  shaking  screens  do  not  ordinarily  weigh  more  than  two  to  three 
tons  empty  or  four  to  six  tons  when  loaded,  but  are  driven  with  a  velocity  of  100  to  150  strokes 
|pcr  minute,  with  a  length  of  stroke  of  from  4  to  12  in.  and  the  shaking  motiort  makes  it  necessary 
to  design  the  shaker  structure  with  great  care  in  order  to  reduce  the  vibration.  The  best  modern 
practice  in  the  design  of  coal  tipples  is  to  make  the  head  frame  and  the  tipple,  or  shaker  structure, 
entirely  separate  and  independent  units. 

Sizing  Cool. — The  object  in  sizing  coal  is  to  separate  the  dirt  and  slack  from  the  coal,  and 
to  obtain  a  product  that  r^n  be  burned  more  advantageously  than  unsized  coal.  A  rom[)act 
coal  wilt  not  admit  the  air  and  will  bum  on  the  surface,  and  it  is  therefore  an  advantage  to  have 
the  lumps  of  approximately  equal  ^ize.  The  sizes  and  names  of  the  different  grades  of  coal  differ 
considerably  in  different  localities. 

Types  of  Coal  Tipples. — Coal  tipples  may  be  classed  under  three  types,  depending  upon  the 
manner  in  which  the  coal  is  brought  to  the  tipple;  (!)  hoisting  in  cages  or  skips  from  vertical  or 
slightly  inclined  shafts;  (2)  cage  hoisting  on  an  incline  either  from  a  shaft,  or  on  a  bridge,  or  from  a 
tunnel;  (3)  conveyor  hoisting  cither  from  the  mine  or  from  a  head  bin  into  which  the  coal  has 
been  dumped  from  cars  or  skips. 

The  design  and  operation  of  coal  tipples  will  be  illustrated  by  describing  three  steel  coal 
tipples,  (i)  Steel  Coal  Tipple  for  the  W.  P.  Rend  Coal  Company — vertical  hoisting  with  self 
dumping  cages  and  shaking  screens;  (2)  Spring  Valley  No.  5  Steel  Coal  Tipple^ vertical  hoisting 
in  cages,  with  Ramsey  transfer  and  shaking  screens;  and  (3)  Phillip's  Coal  Tipple — vertical 
hoisting  with  self  dumping  cages  dumping  into  a  storage  bin. 

Steel  Coal  Tipple  for  W.  P.  Rend  Coal  Company.— The  steel  coal  tipple  for  the  W.  P.  Rend 
Coal  ComiJany.  Kend^'ille.  III,,  has  the  head  frame  covering  four  tracks,  with  provision  for  four 
extra  tracks  on  the  opposite  side  of  the  center  line  of  the  head  frame.  The  steel  head  frame  is 
79  ft.  6  in.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  sheaves  are  8  ft.  in 
diameter  and  carry  a  1}  in.  hoisting  cable. 
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Operation  of  Coal  TippU. — Detail  plans  of  the  shalcing  screens  and  tipple  equipment  are 
shown  in  Fig.  12.  The  coal  is  raised  from  the  mine  in  self  dumping  cages  and  is  dumped  into  two, 
weigh  hoppers  ha>'inK  a  capacity  of  four  tons  each.  From  the  weigh  hoppers  the  coliI  pas 
through  a  dump  chute,  and  may  be  run  directly  into  cars  on  the  track  or  may  be  run  over  shaking 
screens.  The  first  section  of  the  shaking  screens  is  29  ft.  9  in.  long,  the  top  deck,  having  a  length 
of  16  ft.,  has  }  in.  round  pcrforatinns;  the  midrlle,  having  a  length  of  18  ft.,  has  2  in.  round  perfora- 
tions, the  bottom  plate  being  solid.  The  upper  deck  of  screens  sloping  toward  the  head  frame 
has  perforations  3}  in.  to  2  in.  round;  the  second  deck  has  perforations  2)  in.  to  3  in.  round;  the 
third  plate  deck  has  perforations  {  in.  round,  the  bottom  deck  being  solid.  The  coal  passing 
over  the  2  in,  and  3J  in.  round  perforations  of  the  main  screen  may  Ix*  run  back  over  the  shaking 
screens  just  deacrilicd,  or  may  Ix*  run  over  the  second  shaking  screen  27  ft.  4  in.  long  and  8  ft.  wide. 
This  shaking  screen  has  a  length  of  8  ft.  with  perforations  6  in.  in  diameter.  By  making  different 
combinations  of  the  screens  different  grades  of  coal  can  l»e  obtained,  as  is  shown  in  Fig.  13.  The 
shaking  screens  are  carried  on  rollers  12  in.  in  diameter,  which  are  operated  by  eccentric  connecting 
rods  with  a  12  in.  stroke.  These  rollers  give  the  shaking  screens  a  motion  in  two  directions  and 
give  much  more  satisfactory  results  than  the  earlier  method  of  suspcmling'^he  shaking  screens 
from  overhead  supports.     The  capacity  of  the  tipple  is  2,500  tons  in  eight  hours. 

The  tipple  was  designed  and  constructed  by  the  Wisconsin  Bridge  &  Iron  Company,  and 
the  tipple  equipment  was  furnished  by  the  Link-Belt  Company. 

Steel  Coal  Tipple  at  Spring  Valley  Shaft  No.  5. — The  steel  coal  tipple  constructed  at  Spring 
Valley  shaft  .N'o.  5,  Spring  Valley,  Illinois,  is  one  of  the  best  examples  of  steel  tipple  construction 
for  bituminous  mines.  The  steel  tipple  building  is  187  ft.  long,  36  ft.  wide  and  35  ft.  from  the 
track  level  to  the  level  part  of  the  main  tipple  floor.  The  sCeel  head  frame  is  75  ft.  and  85  ft. 
6  in.  from  the  track  level  to  the  centers  of  the  sheaves,  respectively.     The  sheaves  are  10  ft.  in 


356 


STEEL  HEAD  FRAMES  AND  COAL  TIPPLES. 


Chap.  X. 


diameter  and  are  placed  tandem  with  the  hoisting  rope,  and  at  right  angles  to  the  axis  of  the 
main  tipple  building.  The  hoisting  rope  is  crucible  stt'cl  i|  in.  in  diameter.  The  steel  tipple 
building  and  head  frame  are  covered  with  No.  i8  galvanized  corrugated  steel  carried  on  steel 
purlins.  Detail  plana  of  the  tipple  structure  arc  (jiven  in  Fig.  13  and  of  the  head  frame  in  Fig.  14. 
The  head  frame  and  tipple  building  are  fully  braced  and  make  a  very  rigid  structure.  The  main 
track  floor  of  the  tipple  is  level  over  the  first  five  panels  on  the  left  of  the  structure,  the  remainder 
of  the  floor  having  a  pitch  of  4  in.  in  17  ft.  The  tipple  floor  is  covered  with  4  in.  planking  spiked 
to  4  in.  nailing  strips  which  are  carried  on  I-beam  joists.  The  wright  of  the  structural  steel, 
including  the  corrugated  steel  but  not  including  tipple  equipment,  was  415,530  lb. 


T^tTAiifCigfSQ^ih/tMertP 


Fig.  15.    Plan  of  Tipple  Thacks,  Spring  Valley  No.  5  Coal  Tipple. 


OpefQlion  of  Tipple. — ^Thc  detail  track  plan  is  shown  in  Fig.  15;  the  operation  of  the  Ramsey 
transfer  is  shown  in  Fig.  16,  and  the  arrangement  of  the  shaking  l^ar  screens  is  shown  in  Fig.  17, 
Two  coal  cars  containing  I J  tons  each  arc  hoisted  on  the  shaft  cage.  The  loaded  cars  arc  pushed 
off  the  cage  and  two  empty  cars  are  pushed  on  the  cage  by  means  of  a  steam  pusher,  as  shown  in 
Fig.  16.  From  the  cage  platform  the  loaded  cars  run  by  gravity  on  a  i|  per  cent  grade  to  the 
dumps,  where  the  coal  is  dumped  by  Phillips  automatic  tipples  or  dumps.  After  dumping,  the 
cars  pass  to  the  right  by  gravity  on  the  10  per  cent  descending  grade  and  are  stopped  by  a  2  per 
cent  ascending  grade  and  a  short  piece  of  track.  The  cars  then  return  by  gravity,  and  may  either 
be  switched  to  the  outside  tracks  or  run  back  on  the  tninsfer  tracks.  The  empty  cars  are  run  on 
the  platform  of  the  Ramsey  transfer  and  are  raised  by  a  steam  cylinder  a  height  of  4  ft.  7  in.  to 
the  level  of  the  floor  of  the  shaft  cage,  and  are  ready  to  be  shoved  on  the  cage  by  the  steam  pusher. 

The  coal  is  dumped  by  the  Phillips  tipple  dumjw  into  one  of  two  weigh  hoppers  5  ft.  wide, 
as  shown  in  Fig.  17.  After  the  coal  is  weighed  it  runs  out  of  the  weigh  hopper  on  a  converging 
chute  having  a  slope  of  30  degrees  with  the  horizontal.  From  the  converging  chute  the  coal 
runs  over  shaking  bar  screens  6  ft.  6  in.  wide,  the  bars  being  placed  |  in.  apart.  The  fine  cool 
passing  thnjugh  this  screen  nms  over  a  \  in.  shaking  bar  screen  and  is  chuted  into  the  cars.  The 
slack  passing  through  the  t  in.  bar  screen  is  run  directly  into  the  cars.  From  the  }  in.  shaking 
bar  screen  the  lump  coal  passes  through  a  converging  chute  and  over  a  bar  screen  5  ft.  6  in-  wide 
with  the  bars  spaced  5  in.  apart,  from  which  the  tump  coal  is  run  into  cars.  It  will  be  noted  that 
five  grades  of  coal  are  obtaincil:  mine  run  cual;  lump  ct^al  passing  over  the  5  in.  screen;  coal  passing 
the  5  in.  screen  and  retained  on  a  |  in.  screen;  nut  coal  [lassing  a  {  in.  screen  and  retained  on  a  |  in. 
ftcreim,  and  slack. 

The  capacity  of  the  coal  tipple  is  from  l,8oo  to  2,000  tons  per  day.  The  tipple  was  deagned 
by  Mr.  W.  Morava.  Consulting  Engineer,  Chicago,  III.,  and  was  built  by  the  American  Bridge 
Company  in  1900. 

Steel  Coal  Tipple  for  the  Phillips  Mine. — The  steel  coal  tipple  at  the  Phillips  mine  of  the 
H.  C.  Frick  Coke  Company  is  an  excellent  example  of  a  modern  coal  tipple  for  handling  bituminous 
coal.     Detail  plans  of  the  coal  tipple  arc  shown  in  Fig.  18.     The  steel  head  frame  is  of  the  4-post 
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type,  and  is  107  ft.  from  the  collar  of  the  shaft  to  the  center  of  the  sheaves.  The  m^n  tower  of 
the  head  frame  has  six  posts  made  of  4  Z's  3  in.  X  3  H  ui.  X  I  in.  with  one  plate  6  in.  X  f  in.  The 
back  braces  consist  of  three  columns  having  the  same  section  as  the  main  posts,  "nie  head  frame 
is  fully  cross-braced  with  angle  struts,  as  shown  in  Fig.  23.  The  batter  of  the  main  tower  columns 
is  I  in.  in  12  in.,  while  the  back  brace  makes  an  angle  of  30  degrees  with  the  vertical.  The  sheaves 
are  10  ft.  in  diameter  and  are  supported  on  I-beams,  resting  at  the  end  nearest  the  engine  house 
on  a  built-up  frame  of  angles  and  plates  carried  on  two  15  in.  I-beams,  so  as  to  make  the  necessary 
clearance  for  the  sheaves.  The  roof  trusses  above  the  sheaves  carry  two  I-beams,  on  the  lower 
flanges  of  which  are  trolleys  arranged  for  the  attachment  of  chain  blocks  for  placing  and  re- 
placing the  sheaves.  The  shipping  weight  of  structural  steel,  including  the  corrugated  steel,  was 
569,500  lb. 

TABLE  VI. 
Data  on  Steel  Coal  Tipples. 
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The  coal  is  hoisted  in  self-dumping  cages  which  dump  the  coal  into  distributing  chutes,  in 
which  it  runs  by  gravity  to  the  bins  having  a  capacity  of  800  tons.  The  coal,  being  aliased  for 
making  coke,  is  not  screened  or  weighed. 

The  storage  bins  are  built  with  a  steel  framework  and  are  lined  with  J  in.  buckle  plates  on 
the  sides,  and  have  a  f  in.  plate  floor.  The  sides  are  supported  by  the  15  in.  I-beams  @  43  lb., 
spaced  3  ft.  5^  in.  center  to  center.  The  inclined  bottom  framing  consists  of  girders  having  48 
in.  X  I  in.  web  plates  and  flanges  composed  of  two  angles  6  in.  X  6  in.  X  A  in.,  and  are  tied  together 
with  ties  consisting  of  two  angles  8  in.  X  8  in.  X  {  in.  and  one  plate  17  in.  X  i  in.  at  the  bottoiDi 
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and  15  in.  I-bcams  @  42  lb.  at  the  top.  the  girders  being  spaced  3  ft.  5I  in.  center  to  center.  The 
main  side  girders  are  composed  of  two  I-bcams  15  in.  @  42  lb.,  and  one  channel  15  in.  @  ^i  lb. 
The  i  in.  plate  floor  is  carried  on  12  in.  I-beams  spaced  about  1  ft.  6  in.  centers.  The  stcc-l  plate 
floor  is  placed  at  a  slope  of  8  in.  in  12  in.,  and  it  is  stated  that  95  per  cent  uf  the  coal  can  be  with- 
drawn  from  the  bin.  The  bins  discharge  through  vertical  gates  in  the  sides  into  motor-driven 
larries.  which  run  to  the  coke  ovens.  The  vertical  gates  arc  raised  by  rack  and  pinion  and  chain 
wheels. 

Uata  on  ten  steel  coal  tipples  arc  given  in  Table  VI.  For  additional  examples  and  data  on 
steel  coal  tipples,  sec  the  author's  "The  Design  of  Mine  Structures." 

SPECIFICATIONS  FOR  STEEL  HEAD   FRAMES  AND   COAL   TIPPLES.   WASHERS 

AND    BREAKERS.* 

PART    11. 

BY 

MILO   S.   KETCHUM, 
M.  Am.  5v>c.  C.  E. 

1912 

GENERAL   DESCRIPTION. 

198.  Types  of  Structure. — The  structure  shall  be  of  a  type  that  will  pve  maximum  rigidity 
and  strength.  The  structure  shall  Ix'  of  a  type  in  which  the  stresses  can  be  calculated  either  by 
statics  or  by  talcing  into  account  the  deformations  of  the  members. 

199.  Bracing. — M\  bracing  shall  be  stiff,  and  shall  be  riveted  together  at  all  intersections  to 
give  maximiim  rigidity. 

300.  Proposals.— -Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  giving  sizes  of  material,  and  such  detail  plans  as  will 
clearly  show  the  <!imensions  of  the  parts,  modes  of  construction  and  sectional  area.s. 

201.  Detail  Plans. — The  successful  contmrtor  shall  furnish  all  working  drawings  required 
by  the  engineer  free  of  cost.  Working  drawings  n'ill,  as  far  as  possible,  be  made  on  standard 
size  sheets  24  in.  X  .;6  in.  out  to  out.  22  in.  X  34  in.  inside  the  inner  border  lines. 

202.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  are  approved  in  writing  bv  the  engineer.  The  contractor  shall  be  responsible  for  dimen- 
sions and  details  on  the  working  plans,  and  the  approval  of  the  detail  plans  by  the  engineer  will 
not  relieve  the  contractor  of  this  responsibility. 

Loads. 

3o,v  The  structures  shall  be  designed  to  carry  the  following  toads  without  exceeding  the 
permissible  unit  stresses. 

204.  Dead  Loads. — The  dead  loads  shall  consist  of  the  weight  of  the  head  sheaves,  sheaves, 
blocks  and  girders,  the  weight  of  the  structure,  and  all  concentrated  machinery  and  equipment 
loads. 

205.  Working  Loads. — The  working  loads  on  head  frames  for  vertical  shafts  shall  be  taken 
AS  equal  to 

K  '2W-h  R  -^(W  -hR)/  (I) 

where  K  "  the  working  stress  in  lb.  at  the  head  sheave  at  the  in^^tant  of  picking  up  the  toad; 
H'  ■■  the  gross  load  of  the  cage  or  skip  and  the  lixid  of  ore  or  coal  in  lb.;  K  =«  the  weight  of  the 
rope  from  the  head  sheaves  to  the  bottom  of  the  shaft  in  lb,;  and/  ■«  coefficient  of  friction  of  the 
rope,  skip  and  sheaves,  which  may  be  taken  at  0.01  to  o.o3  for  vertical  shafts  and  0.02  to  0.04  for 
tncUncd  shafts  with  ropes  supported  on  rollers. 

306.  For  inclined  shafts  the  working  load  shall  be  taken  as 

K'  =  (2^  +  R)  nn9-\-fiW'^R)cme  (s) 

where  B  *  the  angle  of  inclination  of  the  shaft  with  the  horizontal. 

Specifications  for  Steel  Mine  Structures  as  printed  in  the  author's  "The  Design  of 
Structures."     Part  I  is  "Specitications  for  Stcd  Frame  Buildings"  as  printed  in  Chapter  1. 
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207.  Breaking  Load. — The  head  frame  shall  be  designed  (or  a  load  in  one  or  alt  of  the  hoisting 
ropc'S  equal  lu  thf  breaking  slress  of  the  huisLiiig  roj)C  as  given  in  the  manufacturer's  catalog. 

208.  Machinery  Loada. — The  strcMca  due  to  marhinery,  rrushrrs,  tipple  equipment,  etc., 
shall  be  considered  ihe  same  as  the  stresses  due  the  working  or  live  load. 

209.  Wind  Loads. — Where  the  head  frame  or  tipple  is  enclosed  the  wind  loatl  shall  be  assumed 
as  30  lb.  per  sq.  ft.  of  exposed  surface  acting  hurizontally.  Where  the  framework  is  open  the 
wind  load  shall  be  taken  as  50  lb.  per  sq.  ft.  acting  on  the  projection  of  the  members  of  the  head 
frame  or  tipple.  In  calculating  the  stresses  due  to  wind,  the  wind  toads  may  be  ajisumed  as 
applied  at  the  joints  of  the  striiclure.  Where  one  side  of  the  structure  is  open  st)  that  a  deep  cup 
or  pocket  is  formed  the  wind  load  shall  be  taken  as  nut  less  than  60  lb.  per  sq.  ft.  ou  tlie  projection 
of  the  cup-like  surface. 

210.  Snow  Loads,— Snow  loads  shall  be  taken  the  same  as  for  steel  frame  buildings. 


Allowable  Unit  Strksses. 

311.  Steel  head  frames,  coal  tipples,  coal  washers  and  breakers,  and  similar  structures  shall 
be  designed  for  the  following  allowable  stresses. 

2t2.  Dead  Load  Stresses. ^ — The  allowable  unit  stresses  for  dead  loada  shall  be  the  same  as 
for  steel  frame  buildini^s  given  in  "Specifications  for  Steel  Frame  Buildings."  Snow  loads  shall 
be  considered  as  dead  loads. 

213.  Working  Load  Stresses. — The  allowable  unit  stresses  for  working  loads  shall  be  one-half 
the  allowable  unit  stresses  fur  dead  load  stresses  as  given  in  "Specifications  for  Steel  Frame 
Buildings." 

214.  Bins. — ^Qins  shall  be  designed  for  two  thirds  the  allowable  unit  stresses  for  dead  load 
stresses  as  given  in  "Specifications  for  Steel  Frame  Buildings," 

215.  Breaking  Load  Stresses. — The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  breaking  onu  or  all  the  hoisting  ropes  shall  be  equal  to  the  allowable  unit  stresses  for  dead  load 
stresses,  plus  50  |XT  cent,  equal  to  three  limes  the  allowable  unit  stresses  for  working  loads.  The 
bre.Tking  loaiis  anrl  working  loads  for  any  shaft  compartment  or  machine  need  not  be  assumed 
as  acting  together. 

216.  Machinery  Load  Stresses. — The  allowable  unit  stresses  for  the  maximum  stresses  due 
to  machinery  and  mox-ing  loads  shall  be  the  same  as  the  allowable  unit  stresses  for  working  loads, 
equal  to  one  half  the  allowable  unit  strt^s-st^  for  dead  load  stresses. 

217.  Wind  Load  Stresses.^The  allowable  unit  stresses  when  the  wind  load  stress  is  com- 
bined with  the  dead  load  stress  plus  twice  the  working  load  and  machinery  load  stresses  shall  not 
exceed  the  allowable  unit  stresses  far  dead  loads  by  more  than  25  per  cent.  If  the  sum  of  the 
wind  toad  unit  stress,  the  ilead  I^jad  unit  stress,  and  twice  the  wurkmg  load  and  machinery  luail 
unit  stresses  exceed  the  allowable  unit  stress  for  dead  loads  by  more  than  25  per  cent  the  area  of 
the  section  shall  be  increased  to  reduce  the  actual  stresses  to  within  the  prescribed  limit.  Wind 
load  stresses  need  not  be  combined  with  breaking  load  stresses. 

218.  Reversal  of  Stress. — Members  subject  to  a  reversal  of  stress  due  to  a  combination  of 
dead  load  stresses  and  working  load  stresses  shall  be  designt^d  to  take  both  tension  and  com- 
pression, each  stress  being  increased  by  one  half  the  smaller  of  the  two  stresses.  Members  subject 
to  a  reversal  of  stress  due  to  wind  stress  combined  with  dp-ad  load  stresses  and  working  load 
stresses,  or  breaking  load  stresses  combined  with  dead  load  stresses  shall  be  designed  to  carry 
both  stresses. 

EQtnPilENT. 

2rQ.  Sldps  and  Cages. — Skips  and  cages  shall  be  made  of  structural  steel,  as  shown  on  the 
detail  drawings.  They  shall  l>c  provided  with  guide  shoes  and  safety  devices.  For  inclined 
shafts  the  wheeh  shall  have  phospnor  bronze  bushings. 

220.  Safety  Detaching  Hooks. — .Ml  skips  and  cages  shall  be  provided  with  effective  detaching 
hooks.  The  case  shall  be  designed  to  take  the  stress  due  to  a  loaded  cage  or  skip  dropping  a 
vertical  distance  of  two  feet. 

221.  Bin  Gates. — Unless  otherwise  specified  all  bin  gates  shall  be  of  the  undercut  type. 
Alt  gates  shall  be  equipped  with  operating  mechanism  so  that  they  can  lie  opened  in  service  by 
one  man. 

222.  Screens. — Fixed  screens  shall  be  made  of  bars  as  shown  on  the  drawings  and  shall  be 
supiwrtcd  so  that  the  bars  will  not  be  permanently  deflected  under  the  load.  The  screen  bars 
shall  be  placed  at  an  angle  so  that  they  will  screen  the  ore  or  coal  without  choking  up. 

223.  Shaking  screens  shall  be  carried  on  rollers  and  be  driven  by  eccentric  connecting  bare. 
They  shall  be  placed  at  proper  slopes,  and  shall  l>e  provided  with  all  necessary  gates.  Unles 
otherwise  specified  the  screens  shall  be  made  of  structural  steel. 

224.  Rotary  srrvens  shall  be  made  of  structural  and  machinery  steel,  and  shall  perform  the 
work  required  by  the  specifications. 
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325.  Coal  Tipples  or  Dumps. ^Coal  tipples  or  dumps  shall  be  provided  as  shown  on  ihc  detail 
plans  or  called  fnr  in  the  spct  incations. 

226.  Dumping  Devices.— Where  self-dumping  skips  or  cages  arc  used  an  efficient  and  satis- 
factory dumping  device  shall  be  orovided. 

227.  Head  Sheaves. — The  nead  sheaves  shall  be  substantial  with  the  top  flanges  turned 
smooth  and  true  to  receive  the  hoisting  rope.  The  sheave  wheel  shaft  shall  he  of  the  best  grade 
of  machinery  steel  of  ample  strength,  carefully  and  truly  made.  The  sheave  boxes  shall  be  lined 
with  the  best  quality  of  anii-friction  metal  and  shall  be  adjustable  to  take  up  the  wear.  Unless 
otherwise  s|x*cifted  the  sheave  wheels  shall  have  wrought  iron  spokcis. 

236.  Landing  Stage. — An  eihcient  landing  device  shall  be  f^urnished. 

Details  of  Construction. 

229,  Unless  otherwise  provided  for  the  details  of  construction  are  to  be  the  same  as  for 

steel  frame  buildings. 

330.  Design. — In  designing  head  frames,  coal  tipples,  coal  washers  and  breakers  and  similar 
structures  care  shall  be  used  to  strongly  brace  the  different  parts  of  the  structure  in  order  that  it 
may  be  rigid.  Preference  shall  be  given  to  types  of  structures  that  arc  statically  determinate. 
Where  4-post  head  frames  and  other  statically  indeterminate  structures  are  used  the  stresses  shall 
be  calculated  by  taking  account  of  the  deformation  and  distortions  of  the  members.*  All  bracing 
is  to  be  made  of  stiff  members;  the  us*e  of  rods  or  bars  will  not  be  permitted,  except  for  sag  rods 
and  anchors.  It  is  very  important  that  head  frames,  coal  tipples,  cual  washers  and  breakers  and 
similar  structures  be  made  very  riRid. 

231.  Lengths  of  Compression  Members. — The  tcng^th  of  compression  mcmlx-rs  in  head 
frames  and  shaker  structures  shall  not  exceed  lOo  limes  the  least  radius  of  gyration  for  main 
members  nor  140  times  the  le.ist  raditn  of  gyratinn  for  secondary  bracing. 

232.  Leng^s  of  Tension  Members. — The  length  of  tension  members  in  head  frames  shall 
not  exceed  150  times  the  least  radius  of  gyration  for  main  members,  nor  200  times  the  least  radius 
of  gyration  for  aecomlary  bracing.  The  length  of  a  tension  memljcr  Is  to  be  taken  as  the  distance 
center  to  center  of  end  connections. 

233.  Splicea. — All  splices  in  main  members  shall  be  designed  to  cany  the  full  strength  of 
the  member. 

234.  Reaming. — The  rivet  holes  for  all  field  splices  shall  be  punched  to  a  diameter  ft  in.  less 
than  the  finished  hole  and  shall  he  reamed  to  the  required  size  with  the  members  bolted  in  place 
with  an  iron  templet.  All  metal  more  than  i  in.  thick  shall  be  punched  and  reamed,  or  be  drilled 
from  the  solid. 

235.  Minimum  Thickness  of  Metal. — The  minimum  thickness  of  metal  in  plates  and  sections 
shall  be  ^  in.,  except  for  fillers. 

236.  Erection. — All  field  connections  shall  be  riveted.  Before  the  riveting  is  begun  all  field 
connections  shall  be  fully  drawn  up  with  field  bolts,  in  not  less  than  one- half  the  holes  of  each 
joint. 

237.  Materials  and  Workmanship. — All  materials  and  workmanship  shall  comply  with  the 
^jccification**  for  Stwl  Frame  BuiUling<t  unless  otherwise  specified. 

238.  Painting. — All  steel  work  shall  receive  one  coat  of  sati-ifactory  graphite  or  carbon  paint 
at  the  shop.  Before  erecting  all  abraded  spots  shall  be  touched  up,  and  all  rivet  heads  shall  be 
paintetl  as  soon  as  accepted  ny  the  inspector.  After  the  erection  is  complete  all  structural  steel 
work  shall  be  given  two  coats  of  satisfactory  graphite  or  carbon  paint.  The  three  coats  of  paint 
shall  l>c  rif  different  colors. 

REFERENCES. — For  additional  data  for  the  design  of  head  frames,  rock  houses,  coal  tipples 
And  other  mine  structures,  end  for  numerous  examples  of  structures,  sec  the  author's  *  The 
Design  of  Mine  Structures.*'  This  book  gives  the  calculation  of  stresses  in  head  frames,  and  also 
Itives  a  full  di)»cus§ion  of  the  details  of  design  of  mine  structures,  including  specifications,  methods 
«  construction  and  costs. 

*  For  the  caU:utation  of  the  stresses  in  mine  structures,  ace  the  author's  "The  Design  of  Mine 
Struaurcs." 
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CHAPTER  XI. 
Steel  Stani>-Pipes  and  Elevated  Tanks  on  Towers. 

DATA    FOR    DESIGN.— The  following  data  will  be  of  assistance  in  the  design  of  steel 
»tan<l-pipc9  and  elevated  tanks  on  towers.     For  definitions  of  stand-pipes  and  elevated  tanks 
on  towers,  sec  the  specifications  in  the  latter  part  of  this  chapter. 
Notatioa: — 

k  «■  distance  in  ft.  of  any  point  below  the  top  of  the  stand-pipe  or  elevated  tank; 
d  ^  diameter  of  the  stand-pipe  or  elevate*!  tank  in  feet; 
r  *  radius  of  the  stand-pipe  or  cle\'atcd  tank  in  feet; 
/  1*  thickness  of  the  shell  in  inches  at  any  given  point; 
P  »  hydrostatic  pressure  in  Ih.  per  sq.  in.  at  any  point  »  O.454A; 
S  •■  stress  per  vertical  lineal  inch  of  stand-pipe; 
s  B  unit  stress  in  lb.  per  sq.  in.  in  vertical  i^cction  of  stand-pipe; 
S*  «  stress  per  horizontal  lineal  inch  of  stand-pipe; 
i'  »  unit  stress  in  lb.  per  sq.  in.  in  horizontal  section  of  stand-pipe; 
5"  —  stress  per  lineal  inch  along  a  circumfercntbl  line,  due  to  wind; 
j"  >■  unit  stress  in  lb.  per  sq.  in.  in  circumferential  line,  due  to  wind. 
Formulas  for  Stresses  in  Stand-Pipes. — ^The  stress  per  lineal  vertical  inch  of  stand-pipe  is 


5-^i^»2.6*.rf 


3  X  t2 

I  -  a.6k-dlt 


The  stress  per  sq.  in.  is 

The  stress  per  horizontal  lineal  inch  of  stand-pipe  due  to  the  weight  of  stand-pipe  W,  is 


The  stress  per  sq.  in.  is 


5*  -  Wnt3wd)  =  o,o36Wld 
ff'  =  o.o26WI{d't) 


(I) 
(a) 

(3) 

(4) 


For  ordinary  conditions  the  wind  pressure  is  taken  at  30  lb.  per  sq.  ft.  acting  on  two-thirds 
of  the  surface,  or  20  lb.  per  sq.  ft.  on  the  entire  surface;  while  for  exposed  positions  the  wind  pressure 
may  need  to  be  taken  as  high  as  45  lb.  per  .sq.  ft.  acting  on  two-thirds  of  the  surface,  or  30  lb. 
per  sq.  ft.  on  the  entire  surface.  Recent  Prussian  specifications  require  that  circular  chimneys 
be  designed  for  two-thirds  of  25  lb.  per  sq.  ft.  At  30  lb.  per  sq.  ft.  acting  on  two-thirds  of  the 
■irikoe  (30  lb.  per  sq.  ft.)  the  bending  moment  at  any  distance  h  below  the  top,  due  to  wind  is 

M  ^  ToXd'hXhX  12/2  -  i2orf-*«  (5) 

wbcrr  if  is  in  in.-lb. 

The  stress  in  ihe  extreme  fiber  of  the  shell  is 


Now  y  ■■  I2r,  /  -  lir{f,*  —  r/) 
Substituting  >  and  /  in  (6) 


5"  -  Af-yfl 
hwr*  (approx. — r  U  in  ft.*  and  /  in  in.) 

„       I2nd'h*-rt3 

-  l.o6AV('-rf) 
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(6) 

I'irr'-i2»(inin.<), 

(7) 
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The  stress  per  lineal  inch  will  be 


5"  -  i.o6hyd 


(8) 


If  the  allowable  stress  in  the  net  section  of  the  plate  is  X2,ooo  lb.  per  sq.  in.,  and  e  »  efficiency 
of  joint,  then  from  (2) 

/  ==  2.6hdlii2,ooo  X  e)  (9) 

where  values  of  e  for  different  conditions  are  given  in  Table  I  la. 

Formulas  for  Stresses  in  Elevated  Steel  Tanks. — The  stress  per  lineal  vertical  inch  of  plate 
is  the  same  as  in  stand-pipes 

S  =  2.6kd  (X) 

and  the  unit  stress  in  vertical  joints  is 

s  =  2.6h-d/t  (2) 

Stresses  on  Radial  Joints. — Spherical  Bottoms. — In  a  hemispherical  bottom  the  radial 
stress  per  sq.  in.,  Ti,  will  be  one-half  the  stresses  in  a  cylinder  of  the  same  radius  and  the  same 
internal  pressure. 

Ti  =  2.6A-rf/(2/)  =  2,6k^r/l  (10) 


In  a  segmental  bottom  {b)  Fig.  i,  the  stress  Ti  will  be 

T '  =     ^'cscg      ^  TF-csc^g 
'        2  X  I2r'b't  °^  24«"ri'< 

Now  W  -  62.5A'T'6*  =  62.5A'«"ri*-sin*ff,  and 

24/ 
which  reduces  to  equation  (10)  for  a  hemispherical  bottom  when  n  —  r. 


(n) 


(12) 


5?'  ^1 

(a)  Conical  Bottom 


< — 

-</- 

-» 

\ 

p'/  ' 
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"rv--i 
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K/^ 


(b)  SEGMENTAL  BOTTOM 


Fig.  I. 
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Stresses  on  Radial  Joints.    Conical  Bottoms. — In  a  conical  bottom  the  stress  per  sq. 


in. 


Jx"  will  be  from  (o)  Kig.  i 


Now 
and 


r."« 


(13) 


Ti" 


62.5Air'r 


csctf 


24riT/ 

•  2.6A -ff  CSC  fl// 


(14) 
(«5) 


W  Stresses  on  CircumferentiAl  Joints.     Conical  Bottoms. — Tn  {a)  Fig.  i.  paw  two  horizontal 

■   planes  ihruugh  the  cone  so  that  the  intercept  along  ihc  cone  will  be  a  unit  in  length.     The  tapered 

ring  cut  away  has  a  pressure  of  p*  lb.  per  lineal  inch.     This  pressure  p'  may  be  resolved  into  a 

pressure  alonp  the  clement  of  ihc  cnne.  pi  —  p'  cot  B,  and  a  horizontal  pressure,  pi  ^  p'  cac  8. 

The  stress  in  circumferential  juint  will  be 

r,"  =  i2/>,.r,/f  -  i2^'r,-C8C»/r 

-  12  X  o.434ATi-cscff/f 

-  5.2A-ficscff/l  (|6) 

which  is  twice  the  strofises  in  the  radial  joints. 

Stresses  in  Circumierential  Joints. — Spherical  Bottoms. — The  radial  unit  stress  in  a  hemi- 
sphcrieal  bottom  is  given  by  equation  (i2).  Now  in  a  segment  of  a  .spherical  shell  the  curvature 
is  the  same  in  all  directions,  and  the  unit  stress  on  a  circumferential  joint  will  be  the  same  as  on 
a  radial  joint,  and 

r/  «  r/  -  2.6A.f,//  (17) 

Connection  Between  Side  and  Bottom  Plates. — With  a  conical  bottom  the  inclined  pull  per 
d  inch  at  the  bottom  of  the  circular  tank  will  be  from  {15) 


r,'"  =  2.6A-rcsc*. 


(18) 


The  compressive  stress  in  the  horizontal  ring  will  be  due  to  the  horizontal  components  of  the 
inclined  stresses  and  will  be 


F' 


Tr  cos  e-r  X  12 
3i.3*'f*'COt  B 


(19) 


^^^fTbere  are  no  inclined  or  compressive  stresses  in  a  hemispherical  bottom  unless  the  circular 
shell  and  the  hemispherical  bottom  arc  joinc<l  by  an  elliptical  segment.  If  the  radius  of  the 
circular  tank  dividetl  by  the  radium  u(  the  segment  =  2,  there  will  be  no  secondary  stresses  (see 

Eison  in  Tank  Htittoins,'*  by  ProfcMor  A.  N.  Talbot,  The  Tcchnograph  No.  16.  p.  139). 
stresses  in  a  Circular  Girder. — The  circular  girder  supports  the  weight  of  the  tank,  the 
Its  of  the  tank,  and  its  own  weight.     The  load  is  uniformly  distributed  along  the  girder, 
irdcr  rests  on  or  is  supported  by  four  or  more  columns,  and  transmits  its  load  to  them. 
jct   W  "  total  load  on  gir<ler  in  lb.; 
f  «  radius  of  girder  tn  in.; 
H  "  number  of  posts; 
or  »  2r/n  =  angle  at  center  subtended  by  radii  through  two  consecutive  posts; 
a*  ■■  angle  subtended  at  center  by  any  arc; 
M  "  direct  bending  moment  in  the  girder  at  any  point  in  in. -lb.; 
7*  —  toniona]  bending  moment  in  girder  at  any  point  in  in.-lb.; 
S  "  shear  in  girder  at  any  point  in  lb.; 
Pa  ■  Ph,  etc,  «•  reactions  of  columns  in  lb. 
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(b) 


(c)      * 


Fig.  2.    CiRCin^AR  Girder. 


Now  in  the  author's  "Design  of  Walls,  Bins  and  Grain  Elevators"  it  is  proved  that  the 
bending  moment  at  the  supports  is 

M, _^-__cot-j  (20) 


and  the  maximum  moment  midway  between  the  posts  is 


--        „  a    .    W-rl    .    a 

Ml  =  Jmi-cos-  H 1   sm-  — 

2        a»  I        2 


2  sm*— 


(21) 


The  torsional  moment  is  2ero  at  the  supports  and  midway  between  the  columns,  and  is  a 
maximum  at  the  points  of  zero  bending  moment  at  points  between  the  columns. 
The  torsional  moment  is 

Th  -  Afi-sin  at (i  —  cos  or)  H I  i ;—  I  (aa) 

2»  4       \  a     / 

Values  of  M  and  T  are  given  in  Table  la. 

TABLE  la. 
Stresses  in  Circular  Girders. 


No.  of 
Posts. 

Load  on 
Post.  Lb. 

Max.  Shear. 
Lb. 

Bending  Moment 
at  Poets,  In-lb. 

Bending  Moment 

Midway  Between 

Posts.  In-lb. 

Angular  Distance 
from  Post  to  Point 
of  Max.  Toraioo. 

Max-Toniaaia 
Moncat.  In-lb. 

X 

8 

12 

/r-T-4 

W^  12 

W^    8 
W^  12 
r-^  16 
/r-^24 

-0.03415^- f 
-0.01482/rT 
-0.00827 /Tt 
—0.00365 /Ft 

+O.OI762irT 
+0.0075 1  ^T 

+0.004  i6/P't 
-fo.ooigoff'T 

19**  12' 

12    44 

9    33 

6    21 

0.00S3  ^'f 
0.001 5 1  W't 
0.00063  ^•»" 

0.000185  fl^T 

Stresses  in  Columns. — The  stresses  in  the  columns  will  be  due  to  the  dead  load  and  to  the 
wind  moment.  The  vertical  components  of  the  dead  load  stress  will  be  equal  to  W  di^ded  by 
the  number  of  columns,  where  W  is  the  total  weight  of  tank  and  the  water.  To  calculate  the 
stresses  due  to  wind  moment  in  the  columns  proceed  as  follows:  Calculate  the  wind  force  by 
multiplying  the  exposed  surface  by  the  wind  pressure,  and  assume  the  wind  force  as  acting  through 
the  center  of  gravity  of  the  exposed  surface.  The  pressure  on  circular  tanks  may  be  taken  at 
two-thirds  of  30  lb.  per  sq.  ft.  of  the  surface  at  right  angles  to  the  direction  of  the  wind.  To 
calculate  the  stresses  in  the  columns  at  any  point  pass  a  horizontal  section  through  the  columns 
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in  Fig.  3.  Tfccn  the  maximum  xTrtical  strrss  in  column  i  will  occur  on  the  leeward  side  when 
the  wind  is  blowing  in  the  direction  i-i.  If  M  is  the  wind  moment  about  the  axis  A-B^  the 
moment  of  the  stresses  in  the  column  about  axis  A~B  will  t>e  equal  to  M.  In  a  tower  with  8 
columns  as  in  Fig.  3  we  have  (stress  1)  X  ar  +  (stress  2)  X  4r*cos  45°  =  M. 

But  Stress  I  is  to  Stress  2  as  r  is  to  r-cos  45";  and  Stress  I  (2r  -f  2r)  «  M.  Stress  I  «  3/"/4r, 
and  Stress  2  ~  o.jM/^r.  In  a  6  column  tower  the  stress  in  the  most  remote  post  is  M/y  and 
in  each  of  the  others  is  J  M/y.  In  a  4  column  tower  the  stress  in  each  column  is  M/ir.  U  the 
columns  are  vertical  tho  maximum  stresses  will  occur  at  the  foot  of  the  columns;  if  the  columns 
are  inclined  the  stress  should  be  ca!culatc<l  at  both  the  top  and  the  bottom.  The  maximum 
stresses  will  be  the  sum  of  the  dead  and  wind  load  stresses- 
Having  calculated  the  vertical  components  of  the  stresses  in  the  columns,  the  stresH  in  the 
^umn  will  be  equal  to  the  vertical  component  multiplied  by  the  secant  of  the  angle  between  the 
column  and  a  vertical  line. 
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If  the  upward  pull  of  the  columns  on  the  windward  side  is  greater  than  the  dead  load  when 
ibc  bin  is  empty  the  column  must  be  anchored  down.  The  masonr>'  footing  should  have  a 
weight  f^jual  to  at  least  one  and  one-half  times  the  resultant  upward  pull. 

DETAILS  OF  STEEL  TAKKS.— The  standard  plans  in  Fig.  10  and  Fig.  11  and  the  Jaclc- 
•on,  Minn.,  lank  in  Fig.  6,  show  the  plates  in  alternate  courses  of  different  diameters,  while  the 
•tandard  details  of  the  Chicago  Bridge  and  Iron  Co.  in  Fig.  8  shows  the  plates  telescoped  with 
the  edge  of  the  plate  for  caulking  on  the  insi<le  so  that  it  may  be  caulked  from  alxivc.  The  staml- 
anl  Bpccifkations  given  in  the  last  i>art  of  this  chapter,  also  the  specifications  of  the  American 
Railway  l^ngineering  Association  in  the  last  part  of  this  chapter  both  require  that  the  plates  in 
aUrmate  courses  be  of  different  diameters  as  shown  in  Fig.  10,  Fig.  11,  and  Fig.  6. 

Hemispherical  or  segmental  bottoms  are  now  quite  generally  use<l,  the  conical  bottom  being 
rarvly  used  on  account  of  the  difficulty  in  making  a  satisfactory  connection  to  the  tank  cylinder. 
Spherical  lank  bottoms  are  used  to  a  limited  extent. 

The  standanj  details  of  the  Chicago  Bridge  and  Iron  Co.  for  circular  water  tanks  and  hemi 
phrrical  Iwjttoms  arc  given  in  Fig.  8.  and  the  standard  column  details  are  shown  in  Fig.  9. 

The  properties  for  water  tight  joints  together  with  shearing  and  bearing  values  of  rivets  ai 
giwn  in  Table  lla.     Standard  plans  fora  95,000  gallon  lank  on  a  100  ft-  tower  are  given  in  Fig.  lo; 
vtiilc  standard  plans  fora  stand-pipe  20  ft.  in  diameter  and  90  ft.  high  arc  given  in  Fig.  il.     Table 
Ua  and  Fig.  10  and  Fig.  11  were  prepared  by  Mr.  C.  W.  Birch-Nord  to  acconi(>any  the  standard 
ffpcdficationa  printed  in  Trans.  Am.  See.  C.  E.,  VoL  64,  and  partially  reprinted  in  this  chapter. 
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TABLE  Ua. 
Properties  of  Watertight  Joints. 
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SHEARING  AND  BEARING  VALUE  OF  RIVETS. 
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Fig.  5.  Elevated  Tank  and  Tower,  Jackson,  Minn. 
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Fig.  7.    Elbvateo  Tank  and  Tower,  Jackson,  Minn. 


EXAMPLES  OF  ELEVATED  TANKS  AND  STAND-PIPES. 
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DETAILS  OF  STEEL  TOWERS. — Steel  towers  are  commonly  made  with  four  columns, 
although  eight  or  twelve  columns  arc  sometimes  used  for  large  elevated  tanks.  The  columns  of 
towers  are  commonly  made  of  two  channels,  laced  top  and  bottom;  of  two  channels  with  lop 
cover  plate  and  bottom  lacing;  of  a  built  //section  made  of  plates  and  angles,  era  rolled  //section. 
Z-bars  arc  now  very  difficult  to  obtain  and  the  Z-bar  column  should  not  be  used.  The  struts 
are  made  of  built  channels,  or  of  angles,  or  of  plates  and  angles.  The  diagonal  bracing  is  commonly 
made  of  rods  with  adjustable  clevises  or  turnbuckles. 

EXAMPLES  OF  STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.— The 
design  of  steel  stand-pipes  and  ek'vated  tanks  on  towers  will  be  illustrated  by  describing  several 
typical  examples. 
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Railway  Water  Tanks. — Four  typical  examples  of  ateel  water  tanks  are  shown  in  Fig.  4;  the 
50.000  gallon  railway  water  tank  in  (a)  Fig.  4  was  designed  by  the  American  Bridge  Company; 
the  65,000  gallon  water  tank  in  (fc)  is  a  standard  tank  on  the  Harriman  Lines;  the  50,000  gallon 
tank  in  (c)  was  dt-signeti  by  the  C.  B.  &  Q.  R.  R.;  while  (rf)  is  a  typical  stand-pipe. 

Elevated  Tank  and  Tower  for  Jackson,  Minn. — Details  of  the  steel  elevated  tank  and  tower 
deagncd  by  Mr.  L.  P.  Wolff,  Consulting  Engineer.  St.  Paul,  Minn.,  for  Jackson.  Minn.,  are  shown 
in  Fig.  5,  Fig.  6,  and  Fig.  7.  A  general  plan  and  details  of  the  foundations  and  the  roof  arc  shown 
in  Fig.  5.  Details  of  the  riveting  of  the  tank  plates;  details  of  the  columns,  and  details  of  the 
frost  proofing  arc  shown  in  Fig.  6.  Details  of  the  circular  girder,  and  the  connections  of  (he 
columns  arc  shown  in  Fig.  7.     The  tank  has  a  hemispherical  bottom  with  a  conical  sub-bottom. 


376 


STEEL  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.    Chap. 


A.iiCC 


i3?; 


'^i^iii' 


iiad:S-?jf^      s^jMr 


m 

v»* 

^^  lA 

--H, 

\6    S?l 

**^ 

r  ^ 

^ 

N 

'J  f» 

\^ 

m 

\f4-a 

e'e' 

'1" 

I 

»^  JLadder  Meqd  on  yx* 
,/ V*       Towtr  Fosts 


A/r  P/vefs  ^''' 


Column  Connections 
7B,00Q    6ALL0N 
STEEL    TANK 
Chicago  BffiD6£  &  Iron  Co- 


■Mi!l 


^ 


!'4H. 


Fig.  9.    Dbtails  of  Column  Conxkctions  for  Elevated  Take  and  Tower. 
Chicago  Bridge  &  Iron  Co. 


STANDARD  PLAN  OF  ELEVATED  TANK  ON  TOWER. 
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Fig.  io.    Standabxi  Plan  of  Elevated  Tank  on  Towek,  by  C.  W.  BiRca-NoRO. 
(Trans.  Am.  Soc.  C  E-  ,  Vol.  64.  1909) 
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The  details  work  out  very  satisfactorily.  Mr.  Wolff  has  designed  a  number  of  elevated  tanks 
and  towers  following  the  standard  details  in  the  Jackson  tank.  The  details  of  construction  are 
shown  by  the  drawings. 
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FtG.  II,    Standard  Plan  of  Stawd-Pipe.  dy  C.  W.  Birch-Nord. 
(Trans.  Am.  Soc.  C.  E..  Vol.  64,  1909.) 

SPECIFICATIONS.— The  details  of  design  of  steei  sUnd-piprs  and  elevated  tanks  on 
towers  arc  given  in  the  spcrifications  prepared  by  Mr.  C.  W.  Birch-Nord  and  the  specifications 
of  the  American  Railway  Engineering  Association.  Both  of  these  specifications  are  printed  in 
the  last  part  of  this  chapter. 


GENERAL  SPECIFICATIONS  FOR  ELEVATED  STEEL  TANKS  ON  TOWERS,  AN] 

FOR  STAND-PIPES,- 

Part  I.     Design  of  Elevated  Steel  Tanks  on  Towers. 

Definition. — i.  An  elevated  tank  is  a  vessel  placed  on  a  tower  in  order  to  fumUh  a  certain 
required  pressure  head.     The  lank  is  filleii  throuRh  a  riser  or  inlet  pi|xr. 

2.  Elevated  taalcs  arc  mostly  used  in  connection  with  pumping  stations,  or  are  connected 
dirwrtly  to  Artesian  wells,  in  order  to  store  water  under  pressure. 

3.  As  practically  all  tanks  are  cylindrical,  this  specification  will  only  have  reference  to  those 
of  that  shape. 

Loads. — 4.  The  dead  load  shall  consist  of  the  weight  of  the  structural  and  ornamental  steel- 
work, platforms,  roof  construction,  piping,  etc. 

5.  The  li\'e  load  shall  l)c  the  contents  of  the  tank,  the  movable  load  on  the  platforms  and 
roof,  and  the  wind  pressure.  • 

6.  The  live  load  on  the  platforms  and  roof  shall  be  assumed  at  30  lb.  per  aq.  ft.,  or  a  200-Ib. 
concentrated  load  applied  at  any  point. 

7.  The  wind  pressure  shall  be  assumed  at  30  lb.  per  sq.  ft.,  acting  in  any  direction.  The 
surfaces  of  c>*Undncal  tanks  exposed  to  the  wind  shall  be  calculated  at  two-thirds  of  the  diameter 
multiplied  by  the  heii^ht.  Similar  assumptions  may  also  be  made  for  spherical  and  conical  surfaces 
by  usmg  the  correct  heights. 

8.  The  live  load  on  platforms  and  roof  shall  not  be  considered  as  acting  together  with  the 
wind  pres^sure. 

Unit  Stresses,— 9.  All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the  dead 
and  live  loads  shall  not  cause  the  stresses  to  exceed  those  given  in  Table  I. 

TABLE  L 

Tension  in  tank  plates l3,ooo  lb.  per  sq.  in.  of  net  area. 

Tension  in  other  part  of  structure 16,000  lb.  per  sq.  in.  of  net  area. 

Compression 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  and  pins l3,ooo  lb.  per  sq.  in. 

Shear  on  field  rivets  (tank  rivets)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in.  of  gross  area. 

Hearing  pressure  on  shop  rivets  and  pins 34,000  lb.  per  sq.  in. 

Bearing  pressure  on  field  rivets  (lank  rivets) 18,000  lb.  per  sq.  in. 

Fiber  strain  in  pins 24,000  lb.  per  sq.  in. 

10.  For  compression  members,  the  permissible  unit  stress  of  16,000  lb-  shall  be  reduced  by  the 
formula: 

p  =  16,000  —  70 //r, 

where  p  «  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.: 

i  =  lenfcth  of  member,  from  center  to  center  of  connections,  in  inches; 
r  —  least  radius  of  gyration  of  section,  in  inches. 
The  ratio,  //r,  shall  never  exceed  120  for  main  members  and  180  for  struts  and  roof  construc- 
tion members. 

I  r.  Stresses  due  to  wind  may  be  neglected  if  they  arc  less  than  35  per  cent  of  the  combined 
dead  and  live  loads. 

12.  Unit  stresses  in  bracing  and  other  members  taking  wind  stresses  may  be  increased  to 
30.000  Ib^per  sq.  in..  eJtrnpt  as  shown  in  Section  u. 

13.  Ttic  pressures  given  in  Table  U  will  be  {lermissiblc  on  bearing  plates. 

TABLE  IL 

Brickwork  with  cement  mortar 200  lb.  per  sq.  in. 

Portland  cement  concrete 350  !b.  per  sq.  in. 

Fir«t •class  sandstone 400  lb.  per  sq.  in. 

First-cla«»  limestone 500  lb.  per  sq.  jn. 

First-clAH  granite 600  lb.  per  sq.  in* 


•Condcnsefl  from  Specifications  by  C.  W.  Birch-Nord,  Assoc.  M.  .\m.  Sor.  C.  E., 
Am.  Soc.  C.  E..  Vol.  64.  pp.  54S  to  563.  The  preliminary  statement  and  the  specifications 
foundations  have  been  omitted.  These  specifications  have  been  adopted  by  the  American 
Company. 
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Details  of  Construction. — 14.  The  plates  forming  the  sides  of  cylindrical  tanks  shall  be  of 
different  diameters,  so  that  the  courses  shall  lap  over  each  other,  inside  and  outride.  aJlemately. 

15.  The  joints  for  the  horizontal  seams,  and  for  the  radial  scams  in  spherical  bottomti.  shall 
preferably  be  lap  joints. 

16.  For  vertical  scams  double-riveted  lap  joints  shall  be  used  for  \,  A.  and  |  in.  plates.  Triple 
lap  joints  shall  be  used  fur  ^  and  i  in.  plates;  double-riveted  butt  joints  shall  be  used  for  'ft,  |» 
^  and  \  in.  plates;  and  iriplc-rivcicd  butt  joints  for  {^,  j,  fj  and  i  in.  plates. 

17.  Hivels  I  in.  in  diameter  shall  be  used  for  {  in.  plates;  rivets  {  in.  in  diameter  shall  be 
used  for  A  »"■  plates;  rivets  }  in.  in  diameter  shall  be  used  for  j  to  J  in.  plates,  inclusive.  Rivets 
1  in.  in  diameter  shall  be  used  for  \\  In.  and  I  in.  pUtes. 

Rivets  shall  be  spaced  so  as  to  make  the  most  economical  scams  (70  to  75  per  cent  efficiency). 
A  table  of  riveted  joints  is  given  in  Table  Ha. 

18.  In  no  case  shall  the  spacing  between  rivets  along  the  caulked  ed^es  of  plates  be  more 
than  ten  times  the  thickness  ul  the  plates.  All  rivets  shall  be  entered  from  the  inside  of  the 
tank,  and  shall  Ix-  driven  frnm  the  outside,  that  is,  new  heads  on  rivets  shall  always  be  formed  from 
the  opposite  side  of  the  plate  on  which  the  caulking  is  done. 

19.  Plates  I  in.  thick,  and  not  more  than  J  in.  thick,  shall  be  sub-punched  with  a  punch  tV  in. 
smaller  in  diameter  than  the  nominal  size  of  the  rivets,  and  shall  be  reamed  to  a  finished  diameter 
not  more  than  ft  in.  larger  th;in  the  rivet.     Plates  thicker  than  |  in.  shall  be  drilled. 

30,  The  minimum  thickness  of  the  plates  for  the  cylindrical  part  shall  be  I  in.  The  thick- 
ness  of  the  plates  in  spherical  bottoms  shall  never  be  less  than  that  of  the  lower  course  in  the 
cylindrical  part  of  the  tank, 

21.  The  facilities  at  the  plant  where  the  material  is  to  be  fabricated  will  be  investigated 
before  the  material  is  ordered- 

22.  All  plates  shall  be  sheared  or  planed  to  a  projx'r  bevel  along  the  edges  for  caulking. 

23.  All  plates  shall  be  caulked  along  the  beveled  edges  from  the  inside  of  the  tank,  and  with  a 
round-nosed  tool.  The  use  of  foreign  material  for  caulking,  such  as  lead,  copper,  filings,  cement, 
etc.,  will  not  be  permitted. 

34.  The  plates  in  tanks  for  the  storage  of  oil  shall  be  beveled  on  both  sides  for  outside  and 
inside  caulking. 

25.  The  radial  sections  of  spherical  bottoms  shall  be  made  in  multiples  of  the  number  of 
columns  supporting  the  tank,  and  shall  be  reinforced  at  the  lower  parts,  where  holes  are  made 
for  piping. 

26.  When  the  center  of  the  spherical  bottom  is  above  the  point  of  connection  with  the  cylin- 
drical pan  uf  the  tank,  there  shall  be  provided  a  girder  at  said  jjoint  of  connection  to  take  the  Hori- 
zontal thrust.  The  horizontal  girder  may  be  marie  in  connection  with  a  balcony.  This  also 
applies  where  the  tank  is  suppi>rted  by  inclined  columns. 

27.  The  balcony  around  the  tank  shall  be  3  ft.  wide,  and  shall  have  a  floor-plate  }  in.  thick, 
which  shall  be  punched  for  drainage.  The  balcony  shall  bo  provided  with  a  suitable  ratling, 
3  ft.  6  in.  high. 

28.  The  upper  parts  of  spherical  bottom  plates  shall  always  be  connected  on  the  inside  of  the 
cylindrical  section  of  the  tank. 

29.  In  order  to  avoid  eccentric  loading  on  the  tower  columns,  and  local  stresses  in  spherical 
bottoms,  the  connections  between  the  columns  and  the  sides  of  the  tank  shall  be  made  in  such  a 
manner  that  the  center  of  gravity  of  the  column  section  intersects  the  center  of  connection  between 
the  spherical  bottom  and  the  sides  of  the  tank.  Enough  rivets  shall  be  prox'ided  above  this  inter- 
section to  transmit  the  total  column  load. 

30.  If  the  tank  is  supported  on  columns  riveted  directly  to  the  sides,  additional  material  shall 
Ixr  provided  in  the  Link  plates  riveted  tlirectly  to  the  columns  to  take  the  shear.  The  shear  may 
be  taken  by  providing  thicker  tank  plates,  or  by  reinforcement  plates  at  the  column  connections, 
while  landing  moments  shall  be  taken  by  uppc^r  and  lower  flange  angles.  Connoi'tion^i  to  columns 
shall  be  made  in  such  a  manner  that  the  efficiency  of  the  tank  plates  shall  not  be  less  than  that 
of  the  vertical  seams. 

31.  Tor  high  towers,  the  columns  shall  have  a  batter  of  i  to  12.  The  height  of  the  lower 
shall  be  the  distance  from  the  top  of  the  masonry  to  the  connection  of  the  spherical  bottom,  or 
the  flat  bottom,  with  the  cylindrical  port  of  the  tank. 

32.  Near  the  top  of  the  tank  there  shall  l»e  provided  one  Z-bar  to  act  as  a  support  for  the 
painter's  trolley,  and  for  stiffening  the  tank.  Its  section  modulus  shall  not  be  leas  than  V^h^O, 
where  D  is  the  diameter  of  the  tank  in  feet.  If  the  upper  part  of  the  tank  is  thoroughly  held  Dy 
the  roof  con?*truction.  this  may  be  reduced. 

33.  On  large  tanks,  circular  stiffening  angles  shall  be  prox-ided  in  order  to  prevent  the  plates 
from  buckling  during  wind  storms.  The  distance  between  the  angles  shall  be  determined  by  the 
formula: 

<f  -  900  diD, 
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wlicre  d  =  appruxlnmtc  distance  between  angles,  in  feet; 
/  —  thickness  of  tank  plates,  in  inches; 
D  =  diameter  of  tank,  in  feet. 

34.  The  top  of  the  tank  will  generally  be  covered  with  a  conical  roof  of  thin  plates;  and  the 
pitch  shall  be  I  to  6.  For  tanks  up  to  22  ft.  in  diameter,  the  roof  plates  will  be  assumed  to  be 
»cU- supporting.  If  the  diameter  of  the  tank  exceeds  33  ft.,  angle  rafters  shall  be  used  to  support 
the  roof  plates,  which  arc  generally  i  in.  thick. 

Plates  of  the  following  thicknesses  will  be  a.ssumcd  to  be  self-support ing  for  various  diameters; 
/r  in.  plate*  up  tcf  a  diameter  of  18  ft. 
i  in.  plate,  up  to  a  diameter  of  20  ft. 
A  in.  plate,  up  to  a  diameter  of  22  ft. 

Rivets  in  the  roof  plates  shall  be  from  i  to  ^  In.  in  diameter,  and  shall  be  driven  cold.  Tliese 
rivets  need  not  be  hcadctl  with  a  button  set. 

35.  .\  trap-door,  2  ft.  square,  shall  be  provided  in  the  roof  plate.  Near  the  top  of  the  higher 
tanks,  there  shall  be  a  platform  with  a  raihng,  for  the  safety  0!  the  men  operating  the  trap-door. 

36.  There  shall  be  an  ornamental  hnuil  at  the  top  of  the  roof. 

37.  There  shall  be  a  ladder,  l  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above  the 
foundation  to  the  top  of  the  tank,  and  als<j  one  on  the  inside  of  the  tank.  Each  ladder  shal'  be 
made  of  two  2\  by  |  in.  bars  with  i  in.  mund  rungs  i  ft.  apart.  On  largo,  high  tanks,  30  fi.  or 
more  in  diameter,  a  walk  shall  be  provided  from  the  column  nearest  the  ladder  to  the  expansion 
joint  on  the  riser  or  inlet  pipe. 

38.  In  designing  a  tank,  a  height  of  6  in.  shall  be  added  to  the  required  height  of  the  tank 
if  an  overflow  pipe  is  not  specified  by  the  owner. 

39.  Each  elevated  tunk  sh;ifl  be  furnished  with  a  riser  or  inlet  pipe,  the  size  of  which  shall  be 
determined  by  the  rate  at  which  the  tank  must  be  fillwl.  The  sire  of  the  riser  pipe  will  be  speci- 
fied by  the  owner.  The  outlet  pipe,  in  most  cases,  is  not  rerjuircd,  as  the  riser  or  inlet  pipe  will 
serve  the  same  purpose,  but  it  shall  be  furnished  if  demandetl  by  the  owner. 

40.  All  pipes  entering  the  tank  shall  have  cast-iron  expansion  joints  with  rubber  packing,  and 
facilities  for  tightening  such  joints.  The  expansion  ioinl,  generally,  shall  be  fastened  to  the 
bottom  of  the  tank  with  bolts  having  lead  washers.  The  tank  plates  shall  be  reinforced  where  the 
pipes  enter  the  tank. 

41.  All  pipes  entering  the  tank  shall  be  thoroughly  braced  laterally  with  adjustable  diagonal 
bracing  at  the  panel  points  of  the  lower. 

42.  The  diagonal  bracing  in  the  tower  shall  preferably  be  adjustable,  and  shall  be  calculated 
for  an  initial  stress  of  3,000  lb.  in  addition  to  wind  stresses,  etc. 

43.  The  size  and  number  of  the  anchor-UjIts  in  the  tower  shall  be  determined  by  the  maxi- 
mum uplift  when  the  tank  is  empty.  The  anchor-bolts  in  the  tower,  where  the  maximum  uplift 
is  greater  than  10,000  lb.,  shall  be  fastened  directly  to  the  columns  with  bent  plat<-s  or  similar 
details.  In  all  other  cases  it  will  be  sufHcient  to  connect  the  anchor-bolts  directly  to  the  base- 
plates. 

The  tension  in  anrhor-lwlts  shall  not  exceed  15.000  lb.  per  sq.  in.  of  net  arra.  The  minimum 
section  shall  be  limitetl  to  a  diameter  of  1}  in.  The  details  shall  be  made  so  that  the  anchor- 
bolts  wilt  develop  their  full  strength,  and.  at  the  lower  end,  they  shall  be  furnished  with  an  anchor- 
plate,  not  less  than  J  in.  thick,  to  assure  good  anchorage  to  the  foundation  without  depending  on 
the  adhesion  between  the  concrete  anil  the  steel. 

44.  The  concn-te  foundation  shall  !>e  assumcti  to  have  a  weight  of  140  lb.  per  cu.  ft.,  and 
shall  Ih:  sufTicient  in  quantity  to  take  the  uplift,  with  a  factor  of  safety  of  i}. 

?,S.  Three-ply  frost-proof  casing  shall  be  provided,  if  necessary,  around  the  pipes  leading  to 
rom  the  tank.  This  casing  shall  be  composerJ  of  two  layers  of  |  by  2I  in.  dressed  lumber, 
and  each  layer  shall  be  covered  with  tar  paper  or  tarred  felt,  and  one  outside  layer  of  ]  by  2}  in. 
ilreaMd  and  matched  flooring.  The  lumfx'r  shall  be  in  lengths  of  about  12  ft.  There  shall  Ik'  a 
I  in.  air  space  between  the  layers  of  lumber,  and  wooden  rings  or  separators  shall  l>e  nailed  to 
ibem  every  3  ft.  (In  very  cold  climates  it  is  g<x>d  practice  to  fill  the  space  lieiween  the  pipes  and 
the  first  layer  of  lumber  with  hay  or  similar  material.)  The  frost  casing  may  be  square  or  cylin- 
driirsil;  it  shall  be  braced  to  the  tower  with  adjustable  diagonal  bracing,  as  described  for  pipes  in 
Section  41- 

46.  All  detailed  drawings  shall  !>e  subject  to  the  owner's  approval  before  work  is  commenced. 

47.  For  materials,  workmanship,  inspection,  painting,  and  testing,  mc  Part  III;  for  founda- 
tkHW,  MC  Part  IV. 

Part  II,     Drsign  of  Stand- Pipies. 

Definitioa, —  i.  A  stand-piiw  is  a  tank,  generally  cylindrical,  used  for  the  storage  of  water, 
oil.  etc.  Its  height,  in  most  cases,  is  considerably  greater  than  its  diameter;  it  has  a  flat  bottom, 
and  rests  directly  on  its  foundation. 
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2.  Stand-pipes  are  economical  only  in  special  cases:  where  their  capacity  is  more  important 
than  pressure,  or  where  iocal  conditions  arc  such  that  an  elevated  tank  is  not  required. 

3.  Stand-pipes  for  the  storage  of  oil  ar^;  an  exception.  These  are  generally  of  very  Urve 
diameter,  while  the  height  may  not  exceed  40  ft.;  they  are  usually  referred  to  as  tanks. 

4.  Stand-pipes  are  filled  and  emptied  through  pipes  connected  with  their  sides  or  bottom* 
and  are  provided  with  manholes  for  cleaning  purposes. 

5.  In  cold  climates  roofs  are  gcncmlly  nmitiwl  on  stand-pipes  used  for  water  supply,  on 
account  of  the  formation  of  ice.  In  warmer  climates  there  may  be  roofs  in  order  to  prevent  the 
water  from  becoming  a  breeding  place  for  niow^uitos,  Hies,  etc.  Stand-piijcs  used  for  the  storage 
of  oil  or  other  fluids  from  which  nitn-water  ts  to  l>c  excluded  should  always  be  roofed. 

Loads. — 6.  The  dead  load  shall  consist  of  the  weight  of  structural  and  ornamental  steel  work, 
and  the  roof  construction,  if  any. 

7.  The  live  loarl  shall  1m;  the  contents  of  the  stand-pipe,  the  movable  load  on  the  eventual 
roof,  and  the  wind  pressure. 

8.  The  eventual  live  l<xid  on  the  roof  shall  be  assumed  at  30  lb.  per  sq.  ft.,  or  a  200  lb.  con- 
centrated load  appUcfl  at  anv  jvoint. 

9.  The  wind  pressure  shall  be  assumed  at  30  lb.  [xt  si:\.  ft,  acting  in  any  direction.  The 
surfaces  of  cylimlrical  stand-pipes  exposed  to  the  wind  shall  be  calculate<I  at  two-thirds  of  the 
diameter  multiplied  by  the  height. 

10.  The  eventual  live  load  on  the  roof,  if  the  stand-pipe  is  roofed,  shall  not  be  considered  as 
acting  together  with  the  wind  pressure. 

Stresses. — ii.  All  parts  of  the  structure  shall  be  porportioned  so  that  the  sum  of  the  dead 
and  live  load  stresses  sliall  nut  exceed  the  stresses  given  in  Table  III. 


TABLE  III. 

Tension  in  plates  forming  sides  or  bottom  of  stand>pipes 13.000  lb.  per  sq.  in.  of  net  area* 

Tension  in  roof  construction 16,000  lb,  per  sq.  in.  of  net  area. 

Compressiim  in  tool  construction 16,000  lb.  per  sq.  in.  reduced. 

Shear  on  shop  rivets  in  roof,  etr 12,000  lb.  per  sq.  in. 

Shear  on  field  rivets  (in  stand-pipe  plates)  and  bolts 9,000  lb.  per  sq.  in. 

Shear  in  plates 10,000  lb.  per  sq.  in. 

Bearing  prc<isure  on  shop  rivets 24.000  lb.  per  sq.  in. 

Bearing  pressure  on  tield  rivets  (In  stand-pipe  plates) iS^ooo  lb.  per  sq.  in. 

12.  For  compression  members  in  the  roof  construction,  the  permissible  unit  stress  of  16,1 
lb.  shall  be  reduced  by  the  formula: 

p  =  16.000  —  70 //r, 
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v/herc  />  =  permissible  working  stress  in  compression,  in  lb.  per  sq.  in.; 

/  =  length  of  memlwr,  from  center  to  center  of  connections,  in  inches; 

t  =  least  radius  of  gyration  of  section,  in  inches.     The  ratio,  //r.  shall  never  exceed  180. 

13.  Stresses  due  to  wind  may  be  neglected  if  they  are  less  than  25  per  cent  of  the  combined 
dead  and  live  loads. 

14,  The  average  permissible  pressures  on  masonry  shall  be  as  given  in  Table  II,  Part  I, 
Details  of  Construction. — 15.  The  plates  forming  the  sides  of  the  stand-pipe  shall  be  of 

different  diameters,  so  that  the  courses  shall  lap  ovit  each  other,  inside  and  outside,  alternately. 

16.  The  joints  for  the  horizontal  scams  in  the  sides,  and  for  the  bf>ttom  plate.s  shall  pre- 
ferably be  lap  joints. 

17.  For  further  information  regarding  riveted  joints,  etc.,  see  Part  I,  Sections  16.  17,  iS, 
and  19. 

18.  The  minimum  thickness  of  the  plates  forming  the  sides  shall  be  \  in.  and  A  in.  for  the 
bottom  plates,  except  for  oil  tanks  on  a  sand  foundation.  The  bottom  plates  for  ordinary  stand- 
pipes  shall  be  provided  with  tapped  holes,  I J  in.  in  diameter,  with  screw  plugs,  spaced  at  about 
4  ft.  centers,  to  permit  of  filling  with  cement  grout  on  top  of  the  foundation  of  the  masonry  while 
the  bottom  part  is  being  erecte«l,  in  order  to  secure  proper  hearing. 

IQ.  Oil  tanks  of  lar;je  diameter  are  generally  set  directly  on  a  sand  foundation,  and  do  not 
need  any  holes  in  the  bottom  plates  for  filling  beneath  with  cement  grout.  In  such  cases,  \  in. 
bottom  plates  will  be  sufficient. 

20.  The  bottom  plates  shall  he  connected  with  the  sides  by  an  angle  iron  ri-NTtrd  inside  the 
stand-pipe.  This  angle  inin  shall  be  bevel  sheared  for  caulking  along  both  legs.  For  the  caulking 
of  plates,  see  Part  I,  Sections  22  and  23. 

21.  On  the  side  and  near  the  bottom  there  shall  be  a  12  by  iR  in.  manhole  of  ellipiiral  shape. 
In  the  same  manner,  or  on  the  bottom  plates,  flanges  shall  be  pro\*idcd  for  the  connection  ol 
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inlet  and  outlet  pipes  of  the  sizes  specitied  by  the  owner.  All  openings  in  stand-pipes  shall  be 
properly  reinforced  by  forged  rings  or  plates. 

22.  For  stiffening  angles,  etc.,  see  Part  I,  Sections  32  and  33. 

33.  In  cases  where  a  roof  is  used  see  Section  5;  Sections  34.  35,  and  36  of  Part  1  should  also 
be  followed. 

24.  There  shall  be  an  outside  ladder,  I  ft.  3  in.  wide,  extending  from  a  point  about  8  ft.  above 
the  foundation  to  the  top  of  the  stand-pipe.  The  ladder  shall  be  made  of  two  2^  by  |  in.  bars  with 
]  in.  round  rungs  i  ft.  apart.  An  inside  ladili^r  will  not  be  required.  (In  no  case  should  inside 
Udders  be  provided  on  stand-pipes  in  climates  where  ice  will  form.  Owners  of  oil  tanks  often 
specify  stairways  to  take  the  place  of  laddens.)  All  ladders  shall  be  able  to  sustain  a  concentrated 
load  uf  at  least  Hoo  lb. 

2J.  Large  stand-pipes  for  oil  storage,  the  heights  of  which  are  very  small  compared  with 
their  diameter,  will  generally  be  set  directly  on  a  sand  foundation,  and  will  not  need  any  anchorage 
whatever,  as  the  overturning  moment  is  ver>*  small  in  comfhari.s<in  with  the  resisting  moment. 

26.  Stand-pijies  of  the  ordinary  type,  for  water  storage,  shall  be  set  on  concrete  foundations. 
and  shall  be  anchored  thoroughly  thereto  with  anchor-boits  not  less  than  ij  in.  in  diameter, 
set  deep  enough  to  take  the  neccssan'  uplift,  and  provided  with  an  anchor  plate  not  less  than  }  in. 
thick  in  the  masonr>'.  All  anchor  Ik>Us  shall  be  connected  directly  to  the  sides  of  the  stand-pifie 
with  bent  plates  or  similar  details.  The  unit  stress  in  anchor-bolts  shall  not  exceed  15,000  lb. 
per  sq.  in.  of  net  area.     See  Part  I,  Section  43. 

27.  All  detailed  drawings  shall  be  subject  to  the  owner's  approval  before  work  is  commenced. 

28.  For  niaterials,  workmanship,  inspection,  painting,  and  testing,  sec  Part  lU;  for  founda* 
tsoas.  see  Part  IV. 

Part  IK.     Matfrials,  Workmanship,  Ivspection,  Paivting,  and  Testing, 

Structoral  Steel. — 1.  The  steel  shall  be  made  by  the  oprn-hcarth  process. 

2.  Thu  chemical  and  physical  properties  shall  conform  to  the  following  limits: 
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Ekjaenw  cotwidefed. 

Structural  Steel. 

Rivet  Sterl. 

Phosphorui,  maximum  <  *  "j^ 

0.04  per  cent 
0.06    "       " 
0.05    "       " 

0.04  per  cent 
0.04    "       " 
0.04    "       " 

Sulphur,  maximum 

Ultimate  tensile  strength,  in  pounds  per  square  inch 

FItanffatJon*  minimum  nercentacc  in  8  in    Fitr   I 

Desired 
60,000 

1.500,000 

Desired 
50,000 
1,500.000 

Elongation:  minimum  percentage  in  3  in.  Fig.  j .,*..... . 

Character  of  fracture 

Ultimate  tcnaile 

strength 

12 

Silky 

180"  flat 

Ultimate  tensile 
strength 

Silky 

iSo"  flat 

Cold  bends  withoui  fracture 

I 
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The  yield  point,  as  indicated  by  the  drop  of  Iwam,  shall  be  recorded  in  the  test  reports. 

3.  If  the  ultimate  sirenKth  varies  more  than  4.000  lb,  fn)m  that  desired,  a  re-te!*t  shall  be 
made  on  the  same  gage,  which  to  Ix*  acceptable,  shall  be  within  5.000  lb.  nf  the  desired  ultimate. 

4.  Chemical  determination  of  the  percentages  of  carbon,  phosphorus,  sulphur,  and  manganese 
shall  be  made  by  the  manulacturer  from  a  test  ingot  taken  at  the  time  of  the  p«>urinK  of  each 
melt  of  steel,  ami  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his  inspector. 
Check  analj'^es  shall  be  made  from  finished  matrrial.  if  called  for  by  the  purchaser,  in  which  case 
an  excess  of  25  per  cent  aNive  the  re(iuin.*d  limits  will  be  allowed. 

5.  Specimens  for  tensile  and  bending  tests,  for  plates,  shapes,  and  bars,  shall  be  made  by 
cutting  coujxma  from  the  finished  product,  which  shall  have  both  faces  rnllid  and  both  edges 
milled  to  the  form  shown  by  Fig.  I ;  or  with  edges  parallel;  or  they  may  be  turned  to  a  diameter 
o4  1  in.  for  a  length  of  at  least  9  in.   with  enlarged  ends. 

6.  Kivrt  nxis  shall  be  tested  as  rolled. 

7.  Specimens  shall  Ik*  cut  from  the  finished  rolled  or  forged  bar,  in  such  manner  that  the 
center  n\  the  specimen  shall  be  r  in.  from  the  surface  of  the  bar.  The  spcrimen  far  the  ten^iIe 
test  shall  be  turned  to  the  form  shown  by  Fig.  2.  The  specimen  for  the  Iwnding  test  shall  be  I  in. 
by  \  in.  in  section. 

8.  Material  which  is  to  be  used  without  annealing  or  further  treatment  shall  lie  tested  in  the 
c3ondition  in  which  it  conies  from  the  rolls.     When  material  is  to  be  annealed,  or  otherwise  treated 
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before  use,  the  specimens  for  tensile  test  representing  such  material  shall  be  cut  from  properly 
annc.'ile<I  or  similarly  trrated  short  lengths  of  the  full  section  of  the  bar. 

9.  At  least  one  tensile  anil  one  bending;  test  shall  be  made  from  each  melt  of  steel  as  rolled. 
In  case  steel  differing  |  in.  and  more  in  thickness  is  rolled  from  one  melt  a  test  shall  be  made 
from  the  thickest  and  thinnest  material  rolled. 
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Fig.  2. 

10.  For  material  less  than  A  in.  and  more  than  ]  in.  in  thickness,  the  following  modifications 
will  be  allowed  in  the  requirements  for  cloncation: 

(u)  For  each  ^  in.  in  thickness  below  ft  in.,  a  deduction  of  3)  from  the  specified  percentage 
will  be  allowed. 

(6)  For  each  i  in.  in  thickncae  above  f  in.,  a  deduction  of  i  from  the  specified  percentage 
will  be  allowed. 

11.  Bending  tests  may  be  made  by  pressure  or  by  blows.  Plates,  shapes,  and  bars  1ms 
than  I  in.  thick  shall  bend  as  called  for  in  Section  2. 

12.  Angles  i  in.  and  less  in  thickneHS  shall  open  flat,  and  angles  \  in.  and  less  in  thickntrss 
shall  bend  shut,  cold,  under  blows  of  a  hammer,  without  sign  of  fracture.  This  test  will  be  made 
only  when  required  by  the  inspector. 

13.  Rivet  steel,  when  nicked  and  bent  around  a  bar  of  the  same  diameter  as  the  rivet  rod. 
shall  give  a  gradual  i>reak  and  a  fine,  silkv,  uniform  fracture. 

14.  Finished  material  shall  be  free  from  injurious  seams,  flaws,  cracks,  defective  edges,  or 
other  defects,  and  have  a  smooth,  uniform,  workmanlike  finish.  Plates  36  in.  in  width  and  less 
shall  have  rolled  edges. 

15.  Every  finished  piece  of  steel  shall  have  the  melt  number  and  the  name  of  thc'manufacturer 
stamped  or  rolled  upon  it.  Steel  for  pins  shall  be  stamped  on  the  end.  Rivet  and  lattice  steel 
and  other  small  parts  may  be  bundled,  with  the  above  marks  on  an  attached  metal  tag. 

16.  Material  which,  subsequent  to  the  foregoing  tests  at  the  mills,  and  its  acceptance  there, 
develops  weak  spots,  briltlcness,  cracks,  or  other  imperfections,  or  is  found  to  have  injurious 
defects,  will  be  rejected  at  the  shop,  and  shall  be  replaced  bv  the  manufacturer  at  his  own  cost. 

17.  A  x'arialion  in  cross-section  or  weight  of  each  piece  of  steel  of  more  than  2|  per  cent  from 
that  apecificH  will  \yc  sufficient  cause  for  rejection,  except  in  cases  of  sheared  plates,  which  will  be 
covered  by  tlic  following  permissible  variations,  which  arc  to  apply  to  single  plates: 

Plates  weighing  13  j  lb.  per  sq.  ft.  or  mnre: 

fa)  Up  to  icx>  in.  wide,  2j  per  cent  above  or  below  the  prescribed  weight; 

(b)  100  in.  wide  or  more,  5  per  cent  above  or  below. 
Plates  weighing  less  than  12J  lb.  per  sq.  ft.: 
la)  Up  to  75  in.  wide,  2  J  per  cent  above  or  below; 
lb)  75  in.,  and  up  to  100  in.  wide.  5  per  cent  above  or  3  per  cent  below; 

[c)  100  in.  wide  or  more,  10  per  cent  above  or  3  per  cent  below. 

18.  Plates  will  be  accepted  if  their  thickness  is  not  more  than  o.oi  in.  less  than  that  ordered. 

19.  An  excess  over  the  nominal  weight,  corresponding  to  the  dimen^^ions  on  the  order,  will 
be  allowed  for  each  plate,  if  not  more  than  that  shown  in  Table  l\^  l  cu.  in.  of  rolled  steel  beiiic 
assumed  to  weigh  0.2833  lb. 

Cast  Iron. — 20.  Except  where  chilled  iron  is  specified,  castings  shall  be  made  of  tough,  gray 
iron,  with  not  more  than  o.io  per  cent  of  sulphur.  They  shall  be  true  to  patterns,  out  of  wind, 
and  free  from  Haws  and  excessive  shrinkage.     If  tests  arc  demanded,  tticy  shall  be  made  on  the 
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"Arbitration  Bar"  of  the  American  Society  for  TcslinK  Materials,  which  ts  round  bar,  t\  in.  in 
diameter  and  15  in.  long.  The  transverse  test  shall  be  made  on  a  supix»rtcd  length  of  12  in.  with 
the  load  at  the  middle.  The  minimum  breaking  load  thus  applied  shall  be  2,9tx>  lb.,  with  a 
deflection  of  at  least  -^  in.  In-fore  rupture. 

Worknumship,  Inspectioni  and  Painting. — 3X.  All  parts  forming  the  structure  Bhall  be  built 
in  accordance  with  approved  drawings.  The  workmanship  and  finish  shall  be  equal  to  the  best 
in  modern  shop  practice. 

33.  All  material  shall  be  thoroughly  straightened  in  the  shop,  by  methods  which  will  not 
injure  it,  before  being  laid  off  or  worked  in  any  way. 

33.  The  shearing  shall  be  done  neatly  and  accurately,  and  alt  portions  of  the  work  cx|X>aed 
to  view  shall  have  a  neat  and  uniform  appearance. 

24-  The  size  of  each  rivet,  called  for  by  the  plans,  shall  be  understood  to  mean  the  actual 
•tie  of  the  colfl  rivet  before  it  is  hcatinj. 

35.  .Ml  filates  and  shafies  shall  be  shaped  to  the  proper  curve  by  cold  rolling;  heating  or 
hammering  for  straightening  or  curx-ing  will  not  be  allowed. 

36.  Plates  to  be  scarfed  may  be  heated  to  a  cherry-red  color,  but  not  hot  enough  to  ignite  a 
piece  of  dry  wood  when  applied  to  it.     Most  careful  attention  shall  be  paid  to  all  9car6ng. 

37.  All  plates  or  shapes  i^hall  \jv  punched  before  being  bevel-sheared  or  planed  for  caulking. 

38.  All  screw  threads  shall  make  tight  fits  in  the  nuts  and  turnbucklcs,  and  shall  be  United 
States  Standard,  except  for  diameters  greater  than  if  in.,  when  they  shall  have  six  threads  per 
inch.     The  dimensions  of  screws  of  various  sizes  shall  be  as  follows: 

Diameter  of  wrrew  ends i  in.     iJ  in.     l}  in.     if  and  greater 

Number  of  threads  per  inch 8  7  7  6 

The  minimum  excess  at  the  root  of  the  thread  over  the  body  of  the  bax  shall  be  15  per  cent. 

The  shape  of  the  thread  shall  be  U.  5.  Standard. 
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TABLE  V. 
Standard  Tpsets  for  RrnTNn  and  S^iare  Rar5. 
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STEEX  STAND-PIPES  AND  ELEVATED  TANKS  ON  TOWERS.     Chai-.  XI. 


29.  The  diameter  of  the  die  used  in  punching  rivet  hr^ps  shall  not  exceed  that  of  the  punch 
by  more  than  A  *"-     AH  rivet  holes  shall  be  punched,  except  as  stated  in  Part  I,  Section  19. 

30.  All  punched  and  reanurd  bolts  shall  be  clean  cuts,  without  torn  or  ragged  cdgcs^  The 
burrs  on  all  reamed  holes  shall  be  rtmoved  by  a  tool,  countersinking  not  more  than  iV  in.  Any 
parts  of  the  structure  in  which  difficulties  may  arise  in  field  ri\'eting,  shall  be  assembled  in  the 
shop  and  marked  properly  before  shipment. 

31.  Rivet  holes  shall  be  accurately  spaced;  eccentrically  located  rivet  holes.  If  not  sufHciont 
10  cause  rejection  shall  be  corrected  by  reaming,  and  rivets  of  larger  saic  shall  be  used  in  the 
holes  thus  reamed. 

32.  The  use  of  drift-pins  will  be  allowed  only  for  bringing  together  several  parts  forming 
part  of  the  structure:  force  will  not  be  allowed  to  be  used  in  drifting  under  any  circumstances. 

33.  The  use  of  sledges  in  driving  or  hammering  any  part  of  the  structure  will  not  be  allowed. 
Care  shall  be  taken  to  prevent  material  from  falling,  or  from  being  in  any  way  subjected  to  heavy 
shocks. 

34.  Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall 
be  used  in  preference  to  hand-dri\'ing.     All  rivet  heads  shall  l>c  concentric  with  the  holes. 

35.  All  caulking  shall  be  done  with  a  round-nosed  tool,  and  only  by  experienced  and  skilled 
men.  Caulking  around  rivet  heads  will  not  be  allowed.  All  leaky  rivets  sliall  be  cut  out  and 
replaced  with  new  ones.     All  fractured  material  shall  be  replaced  free  of  cost  to  the  owner. 

36.  If  the  owner  furnishes  an  in*:i3ector,  he  shall  have  full  access,  at  all  times  to  all  parts  of 
the  shop  where  material  under  his  inspection  is  being  manufactured. 

37.  The  inspector  shall  stamp  with  a  private  mark  each  piece  accepted.  Any  piece  not  thus 
marked  may  Ix?  rejected  at  any  time,  and  at  any  stage  of  the  work.  If  the  inspector,  through 
oversight  or  otherwise,  has  accepted  material  or  work  which  is  defective  or  contrary  to  these 
specifications,  this  material,  no  matter  in  what  stage  of  completion,  may  be  rejected  by  the  owner. 

Painting  and  Testing. — 38.  Before  leaving  the  shop,  all  steel  work  excepting  the  laps  in 
contact  on  the  tank  work,  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  oil.  AH 
parts  which  will  be  inaccessible  after  erection  shall  be  well  painted,  except  as  stated  before. 

39.  After  the  strut  turc  is  erectetl  and  al^- seams  have  been  caulked,  it  shall  be  tested  for 
water-tightness,  and  leaky  pLices  shall  l>c  caulke<l  or  marked.  The  water  shall  then  be  dis- 
charged and  the  leaky  seams  shall  be  caulked.  Leaky  rivets  shall  be  treated  as  per  Section  35. 
After  the  structure  has  been  standing  empty  for  3  days  it  shall  be  retcsted,  and  then,  if  all  joints 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside  of  the  tank  or 
stand-pipe.  Painting  in  the  open  air  shall  never  be  done  in  wet  or  freezing  weather.  The  owner 
will  select  the  color  of  the  final  coat  of  paint. 

40.  The  contractor  shall  guarantee  the  tightness  of  the  tank,  or  stand-pipe,  against  lealdgea 
when  filled  with  the  liquid  it  is  designed  to  contain. 

Part  IV.     Fouwdatiovs  for  Elevated  Tanks  on  Towers,  and  for  Stand-Pipbs. 

I.  The  average  permissible  pressure  on  the  soil  is  as  follows: 

Soft  clay t  ton  per  sq.  ft. 

Ordinary  clay 2  tons  per  sq.  ft. 

Dry  sand  and  dry  clay 3  tons  [kt  sq.  ft. 

Hard  clay 4  tons  per  sq.  ft. 

Gravel  and  coarse  sand .6  tons  per  sq.  ft. 

Tn  all  cases  a  thorough  investigation  of  the  ground  and  the  site  shall  be  made  before" 
ling  with  the  foundations. 

3.  All  foundations  shall  Ik*  carried  btrlow  the  frost  line,  and  the  anchor-bolts  shall  be  placed 
deep  enough  to  develop  thrtr  full  strrn^h. 

4.  In  foundations  for  towers  with  inclined  legs  supporting  ele\*ated  tanks  care  shall  be  taken 
that  the  piers  are  constructed  in  such  a  manner,  that  the  resultant  of  the  vertical  and  horizontal 
forces,  due  to  direct  l<Mds,  passes  through  the  center  of  gravity  of  the  piers. 

5.  Foundations,  in  general,  shall  l>e  of  concrete  composed  of  I  part  Portland  cement.  3  parts 
sand,  and  5  parts  crushed  stone  or  gravel.  In  special  cases,  where  part  of  the  foundation  is 
under  water,  the  concrete  shall  be  a  i  :  3  :  4  mixture. 

Note. — For  specifications  for  mixing  and  placing  the  concrete  in  the  foundationsi  sc 
lerV. 
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GENERAL  SPECIFICATIONS  FOR  STEEL  WATER  AND  OIL  TANKS.* 

1.  Scope  of  Specifications. — These  (specifications  arc  intended  for  steel  tanks  requiring  plates 
not  more  than  I  in.  ihirk. 

2.  Quality  of  Metal. — The  metal  in  these  tanks  shal]  be  open-hearth  steel.  The  steel  shall 
ronform  in  physical  and  chemical  properties  to  the  spccificatiujis  ui  this  Association  for  steel 
bridges. 

3.  Loading. — The  weight  of  water  shall  be  assumed  to  be  63  lb.,  crude  oil  56  tb.,  and  creosote 
oil  66  lb.  per  cu.  ft.  Wind  pressure,  acting  in  any  direction,  shall  lje  assuniod  to  be,  in  pouadsi 
30  times  the  prtxluct  of  the  height  by  two-thirds  of  the  diameter  of  the  tank  in  feet. 

i.  Unit  Stresses. — Unit  stresses  shall  not  exceed  the  following: 
Ja)  Tension  in  plates,  15,000  lb.  per  &<j.  in.  on  net  section. 
(6)   Shear  in  plates.  12,000  lb.  per  sq.  in.  on  net  section. 
(c)  Shear  on  rivets.  12,000  lb.  per  sq.  in.  on  net  section. 
id)   Bearing  pressure  on  field  rivets,  20,000  lb.  per  sq.  in. 

5.  Cylindrical  Rings. — Plates  forming  the  shell  of  the  tank  shall  Ije  cylindrical  and  OY  aiffcrent 
diameters,  in  and  out.  from  course  to  course. 

6.  Workmanship. — All  workmanf-hip  shall  be  first-clasa.  All  plates  shall  be  bev-elcd  on  all 
edges  for  caulking  after  being  punchc<l.  The  punching  shall  he  from  the  surface  to  be  in  contact. 
The  plates  shall  be  forme<l  cold  to  exact  form  after  punching  and  beveling.  All  rivet  holes  shall 
be  accurately  si)aced.  Drift  pins  shall  be  used  only  for  bringing  the  parts  together.  They  shall 
not  be  driven  with  enough  force  todeform  the  metal  about  the  holes.  Power  riveting  and  caulking 
should  l>e  used.  A  heavy  yoke  or  pneitnia  t  ic  bucker  shall  be  used  for  power  driven  rivets.  Rivet- 
ing shall  draw  the  joints  to  full  and  tight  l>earing. 

7.  Caulking. — The  tank  shall  lie  made  water  or  oil  tight  by  caulking  only.  No  foreign 
substance  shall  be  used  in  the  joints.  For  water  tanks,  the  caulking  shall  preferably  be  done 
on  the  insicle  of  tank  and  joint  only;  but  for  oil  tanks  the  caulking  should  be  done  on  both  sides. 
No  form  of  caulkinp  UhA  or  work  that  injures  the  abutting  plate  shall  be  used. 

8.  Hinixnum  Thickness  of  Plates. — The  minimum  thickness  of  plates  in  the  cylindrical 
part  of  the  tank  shall  nut  be  less  than  J  in.  and  in  flnt  Iwxtoms  nf>t  less  than  A  in-  I"  curved 
bottoms  the  thickne^is  of  plate  shall  be  not  less  than  that  of  the  lower  plate  in  the  cylindrical  part. 

9.  Horizontal  and  Radial  Joints. — Lap  joints  shall  generally  be  used  for  horizontal  seams 
and  splices  and  for  r.^dial  warns  in  curved  bottoms. 

10.  Vertical  Joints. — For  vertical  seams  and  splices,  lap  joints  shall  be  used  with  plates  not 
more  than  {  in.  thick.  With  thicker  plates,  double  butt  jomts  with  inside  and  outside  straps 
fthall  generally  he  used.  The  edge  of  the  plate  in  contact  at  the  intersection  of  horizontal  and 
vertical  lap  joints  shall  be  drawn  out  to  a  uniform  taper  and  thin  edge. 

11.  Rivets,  Rivet  Holes^  Punching  and  Pitch. — For  plates  not  more  than  |  in.  thick,  |  in. 
rivets  shall  be  used.  For  thicker  plates,  J  in.  rivets  shall  be  used.  The  diameter  of  rivet  holes 
shall  be  tV  in*  larger  than  the  diameter  of  the  rivets  used.  The  punching  shall  conform  to  the 
specifications  of  this  Association  for  such  work  on  steel  bridges.  A  close  pitch,  with  due  regard 
for  thickness  of  plate  and  balanced  stress  between  tension  on  plates  and  shear  on  rivets,  is  desirable 
for  caulking. 

12.  Tank  Support — If  the  tank  is  supported  on  a  steel  substructure,  the  latter  shall  con- 
form to  the  specifications  of  this  ,\ssociation  for  the  manufacture  and  erection  of  steel  bridges, 
except  that  allowance  shall  he  made  for  wind  pressure,  but  not  fur  impact. 

13.  Painting. — In  the  shop  the  metal  shall  be  cleaned  of  dirt,  rust  and  scale  and,  except  the 
turfaces  to  be  in  contact  in  the  joints  of  the  tank,  shall  be  given  a  shop  coat  of  paint  or  metal 
preaervative  selected  and  appliea  as  specified  by  the  company. 

After  being  completely  erected,  caulked  and  cleaned  of  dirt,  rust  and  scale,  all  exposed  metal 
work  shall  be  painted  or  treated  with  such  coat  or  coats  of  paint  or  metal  preservative  as  shall 
be  selected  by  the  railway  company. 

14.  Plans  and  Specifications. — I'nder  these  specifications  and  in  conformity  thereto  the 
railway  company  sh;dl  ratise  to  be  prepared  or  shall  approve  detailed  plans  and  specifications  for 
Buch  tanks,  nerein  specified,  as  it  shall  construct.  Such  plans  and  specifications  sliall  cover  all 
ncccitwrv  tank  auxiharit^. 

REFERENCES.  HazUhurst's  "  Towers  and  Tanks  for  Waterworks,"  second  edition.  1904, 
publislKtl  by  Ji'hn  Wiley  &  Sons,  covers  the  design  and  construction  of  steel  stand-pipes  and  steel 
rlr\'afef|  tanks  on  steel  towers,  and  supplements  the  data  and  di^ussion  in  this  chapter.  Con- 
sfdrraliic  data  on  the  design  and  construction  of  siand-pipos  and  elevated  tanks  on  towers  for 
railway  KTvice  are  given  in  the  annual  reports  of  the  proceedings  of  the  American  Railway  En- 
gincrnng  Association,  particular  reference  is  made  to  volume  II,  part  3;  volume  13,  part  3.  and 
volume  13. 

•Adopted,  Am.  Ry.  Eng.  Assoc.,  Vol.  13,  1912. 
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STRUCTURAL   DRAFTING. 


Chap.  XH. 


Structural  Drawings. 

METHODS. — The  drawings  for  structural  sttrel  work  differ  from  the  drawings  for  machinery 
in  that  (a)  two  scales  are  used,  one  for  the  length  of  the  member  or  the  skeleton  of  the  structure, 
and  one  for  the  details;  (b)  members  are  commonly  shown  by  one  projection;  and  {c)  the  drawings 
are  not  to  exact  scale,  all  distances  being  governvfl  Ijy  figures. 

Two  methods  are  used  in  making  shop  drawings. 


^Voa, 


Fig.  I.    Truss  Joint,  Completely  Detailed. 


(l)  The  first  method  is  to  make  the  drawings  so  complete  that  the  templets  can  be  made 
for  each  individual  piece  on  the  bench.  I'his  method  is  used  for  all  large  trusses  and  members, 
and  where  there  is  not  room  to  lay  the  member  out  on  the  templet  shop  floor.  The  details  for  the 
joint  of  a  Fink  roof  truss  completely  detailed  are  shown  in  Fig.  i.  A  joint  of  a  roof  truss  of  the 
locomotive  shop  of  the  A.  T.  &  S.  F.  Ry.,  at  Topcka,  Kansas,  is  completely  detailed  in  Fig.  2. 

(a)  The  second  method  is  to  give  on  the  drawings  only  sufficient  dimensions  to  locale  the 
position  of  each  member,  the  number  of  rivets,  and  the  sizes  of  members,  leaving  the  details  to 
be  worked  out  by  the  templet  maker  on  the  laying-out  floor.  Sufficient  data  should  be  given 
to  definitely  locate  the  main  laying-out  points.  The  interior  pieces  !»hould  be  located  by  center 
lines  corresponding  to  the  gage  lines  of  the  angles,  or  center  line  of  the  piece,  as  the  case  may  be. 
The  rivet  spacing  should  be  given  complete  for  members  detailed  on  different  sheets,  or  where 
it  is  necessary  to  obtain  a  required  clearance,  and  other  places  where  it  will  materially  assist  the 
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templet  maker.  The  drawint£s  should  indicate  the  number  and  arrangement  uf  the  rivets  in  each 
connection,  as  welt  as  the  maximum,  the  usual  and  the  minimum  rivet  pitch  allowed.  Sketch 
details  of  the  joint  which  was  complctt-ly  cUtailed  in  Fig.  i  are  shown  in  Fig.  3,  and  the  outline 
detAila  of  a  roof  truss  by  the  secoad  method  arc  shown  in  Fig.  4. 
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Fig.  a.    Joint  of  Roor  Tri;9s  Completely  Dbtaxled. 
(Se:tion  of  Shop  Details  cf  Roof  Truss.) 

Membera  may  be  detailed  in  the  position  which  they  are  to  occupy,  or  they  may  be  detailed 
■eparately.  For  riveted  trusses  and  riveted  members  the  entire  truss  or  member  should  be 
detailed  in  position.  Pie  iletai!  shop  plans  for  a  riveted  brace  arc  shown  in  Fig,  5.  The  field 
rivets  arc  shown  by  black  and  the  shop  rivrts  by  open  circles.  The  center  lines  are  indicated  by 
dotted  lines.  Light  full  black  lines  are  commonly  used  for  dimension  lines,  while  red  dimennion 
lincfl  are  sometimrs  nwH  hnr  dn  not  make  as  %ooA  blue  prints  as  black  lines. 

RULES  FOR  SHOP  DRAWINGS.— The  followmg  rules  are  essentially  those  in  use  by 
the  best  bridRt-  and  slnirtunil  shops. 

Siza  of  Sheet. — The  standard  size  of  sheet  shall  be  24  X  36  in.  with  two  bf^rder  lines  \  and  1  in. 
frofn  the  edge  respectively,  see  Fig.  6.     Sheets  18  X  34  in.  with  two  border  lines  )  and  1  in. 
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from  the  edge  respectively,  may  also  be  used.  For  beam  sheets,  bills  of  material,  etc,  use  letter 
size  sheets  8^  X  xi  in. 

Title. — ^The  title  shall  be  ananged  uniformly  for  each  contract  and  shall  be  placed  in  the 
lower  right  hand  comer.  The  title  shall  contain  the  name  of  the  job*  the  description  of  the 
details  on  the  sheet,  the  number  of  the  sheet,  spaces  for  approval  and  other  information  as  shown 
in  Fig.  6. 

Scale. — The  scale  of  the  lei^hs  of  the  members  or  skeleton  of  the  structure  shall  be  i,  or  f, 
or  ^  in.  to  I  ft.,  depending  upon  the  available  space  and  the  complexity  of  the  member  or  structure. 
Shop  details  shall  as  a  rule  be  made  i  or  i  in.  to  i  ft.  For  small  details  i  \  and  3  in.  to  i  ft.  may 
be  used;  while  for  large  plate  girders  |  or  i  in.  to  i  ft.  may  be  used. 

Views  Shown. — Drawings  shall  be  neatly  and  carefully  made  to  scale.  Members  shall  be 
detailed  in  the  position  which  they  will  occupy  in  the  structure;  horizontal  members  being  shown 
lengthwise,  and  vertical  members  crosswise  on  the  sheet.    Inclined  members  (and  vertical  members 
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Fig.  3.    Truss  Joint,  Sketch  Detailed. 


when  necessary  on  account  of  space)  may  be  shown  lengthwise  on  the  sheet,  but  then  only  with 
the  lower  end  on  the  left.  Avoid  notes  as  far  as  possible;  where  there  is  the  least  chance  for 
ambiguity,  make  another  view. 

In  truss  and  girder  spans,  draw  the  inside  view  of  the  far  truss,  left  hand  end.  Fig.  7-  The 
piece  thus  shown  will  be  the  right  hand,  and  need  not  be  marked  right.  In  cases  where  it  is 
necessary  to  show  the  left  hand  of  a  piece,  mark  "left-hand  shown"  alongside  the  shipping  mark. 

Show  all  elevations,  sections  and  views  in  their  proper  position,  looking  toward  the  member. 
Place  the  top  view  directly  above,  and  the  bottom  view  directly  below  the  elevation.  The  bottom 
view  should  always  consist  of  a  horizontal  section  as  seen  from  above. 

In  sectional  viei^^-s,  the  web  (or  gusset  plate)  shall  always  be  blackened;  angles,  fillers,  etc., 
may  be  blackened  or  cross-hatched,  but  only  when  necessary  on  account  of  clearness.    In  a  plate 
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girder,  for  rxample,  it  is  not  necessary  to  blaclcea  or  crofis-hatch  all  the  fillers  and  sciffeners  in  the 
bottom  view. 

Holes  for  field  connections  shall  always  be  blackened,  and  shall,  as  a  rule,  be  shown  in  all 
elevations  and  sectional  views.  Rivet  heads  shall  be  shown  only  where  necessary;  for  example, 
at  the  ends  of  members,  around  field  connections,  when  countersunk,  flattened,  etc.  In  detailing 
members  which  adjoin  or  connect  to  others  in  the  structure,  part  of  the  latter  shall  be  shown  in 
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Fig.  5.    Shop  DBTAn.s  of  Brace. 
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dotted  lines,  or  in  red,  sufBciently  toindicatc  the  clearance  required  or  the  nature  of  the  connectJoa 
Plain  building  work  is  exempted  from  this  rule. 

A  diagram  to  a  small  scale,  showing  the  relative  position  of  the  member  in  the  structure, 
shall  appear  on  every  sheet,  Kig.  8  and  Fig.  9.  The  members  detailed  on  the  sheet  shall  be  shown 
by  hea\'y  tilark  lim^s,  the  remainder  of  the  structure  in  light  black  lines-  Plain  building  work  b 
exempt  from  this  rule. 
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Fig.  10.    CoKVExnoNAL  Signs  for  Rivets. 


When  part  of  one  memlwr  is  detailed  the  same  as  another  member,  figures  for  rivet  spacing 
need  not  be  repealed:  refer  to  previous  sheet  or  sheets,  bearing  in  mind  that  these  must  contain 
final  information.  It  is  not  permissible  to  refer  to  a  sheet,  which  in  turn  refers  to  another  sheet.  The 
section,  finished  length,  and  the  assembling  mark  for  each  member  shall  be  shown  on  every  sheet. 
Main  dimensions  which  are  necessary  for  checking,  such  as  c,  to  c.  distances,  story  heights,  etc., 
shall  be  repeated  from  sheet  to  sheet.  Holes  for  field  connections  mu^t  always  be  lucati-d  inde- 
pendently, even  if  figurcfl  in  connortion  with  shop  rivets:  they  shall  hu  repeated  from  sheet  to 
sheet  unless  they  arc  standard,  in  which  case  they  shall  be  identified  by  a  mark  and  the  sheet 
given  on  which  they  are  detailed. 

The  quality  of  material,  workmanship,  size  of  rivets,  etc.,  shall  be  specified  on  e\'er>'  sheet  as 
far  as  it  refers  to  the  sheet  itself.     Standard  workmanship  need  not  be  specified  on  each  sheet. 

Lettering. — Engineering  News  lettering  as  develoi>ed  by  Reinhardt  in  his  book  on  freehand 
lettering  shall  be  used  on  all  drawings.  Preferably  main  titles  and  sub-titles  shall  Ix;  ^'ertical 
and  the  remainder  of  the  lettering  inclined.  The  height  of  letters  shall  be  as  follows:  Main  titles — 
capitals  15/50  in.,  small  capitals  12/50  in.;  sub-titles — capitals,  full  height  lower  case  letters  and 
numerals  5/20  in.,  lower  case  letters  3/20  in.;  other  lettering — capitals,  full  height  lower  case  letters 
and  numerals  5/30  in.,  lower  case  letters  3/30  in.  Where  the  drawing  is  crowded  the  body  of  the 
lettering  may  be  5/40  in.  and  3/40  in-  respectively.     The  following  pens  arc  recommended:    For 
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titles  Lconardt  &  Co. *8  Ball- Pointed  No.  516F;  forall  other  lettering  Hunt  Pen  Co. 'a  extra  fine  Shot 
Point,  No,  513.  No  pen  finer  than  Gillott's  No.  303  should  be  used.  Light  f>encil  guide  lines 
shall  be  drawn  for  all  lettering.  All  trarings  shall  be  made  on  the  dull  side  of  the  tracing  doth. 
Erasures  shall  be  made  with  soft  rubber  pencil  eraser  and  a  metal  shield.  Rubber  erasers  tron- 
taining  sand  destroy  the  surface  of  the  cloth  and  make  it  difficult  to  ink  over  the  erased  spat. 
The  use  of  knives  or  steel  erasers  will  not  be  permitted.  Tracings  shall  be  cleaned  with  a  very 
■oft  rubbiT  eniMTt,  and  nut  with  gasolene  or  benztnef  which  destroy  the  finish  of  the  tracing  cloth. 
All  lines  shall  preferably  l>e  made  with  black  India  ink;  full  lines  to  represent  mcmlK^rs,  dash  and 
dot  to  represent  center  lines,  and  dotted  lines  (or  full  light  black  lines)  to  represent  dimension 
lines.  M  permitted  by  the  chief  draftsman  red  ink  may  he  used  for  dimension  and  center  lines. 
The  ends  of  dimension  lines  shall,  however,  always  be  indicated  by  arrows  made  with  black 
ink. 

Conventional  Signs. — Conventional  signs  for  rivets  are  shown  in  Fig.  10.  Countersunk 
rivets  project  i  in.;  if  less  height  of  rivets  is  rer|uircd,  drawings  shall  specify  that  they  are  to  be 
chipprtfl,  or  the  maximum  projection  may  be  specified.  Flattened  heads  project  ]  in.  to  ^  in.; 
if  less  height  of  heads  is  required,  they  shall  Ik?  countersunk.  Metals  in  sitlion  shall  be  shown 
u  in  Fig.  II.     Standards  for  rivets  and  riveting  are  given  in  Part  11,  which  see. 

Marking  System. — A  shipping  mark  shall  be  given  to  each  member  in  the  structure,  and  no 
dissimilar  pieces  shall  have  the  same  mark.  The  marks  shall  consist  of  capital  letters  and  num- 
erals, or  numerals  only;  no  small  letters  shall  be  used  except  when  sub-marking  becomes  absolutely 
necessary.  The  letters  R  and  L  shall  be  used  only  to  designate  "right"  and  "left."  Never  use 
the  work  ''marked"  in  abbreviated  form  in  front  of  the  letter,  for  example  say.  3  Floorbeams  G4, 
and  not,  3  Floorbeams,  Mk.  G4.  Whenever  a  structure  is  divided  up  into  different  contracts  care 
should  be  taken  not  to  duplicate  shipping  marks.     Pieces  which  arc  to  be  shipped  bolted  on  a 
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Fig.  II.    Conventional  Signs  for  Metals. 


metnbcr  shall  also  have  a  separate  mark,  in  order  to  identify  them  should  they  for  some  reason 
or  another  become  detached  from  the  main  memlxr.  The  plans  shall  specify  which  pieces  are 
to  be  bolted  on  for  shipment,  and  the  necessary  bolts  shall  be  billed.  For  standard  marking 
system  for  a  truss  bridge,  see  Fig.  7.- 

A  system  of  assembling  marks  shall  he  established  for  all  small  pieces  in  a  structure  which 
repeat  themselves  in  great  numl>crs.  These  marks  shall  consist  of  small  letters  and  numerals 
or  numerals  only;  no  capital  letters  shall  be  used;  avoid  prime  and  sulvmarks,  such  as  M^.  Pieces 
that  have  the  same  assembling  mark  must  be  alike  in  every  respect;  same  section,  length,  cutting 
and  punching,  etc. 

Shop  Bills. — Shop  bills  shall  be  written  on  special  forms  provided  for  the  purpose.  When 
the  bills  appear  on  the  drawings  as  well,  they  shall  either  be  placed  close  to  the  memlxr  to  which 
they  belong  or  on  the  right  hand  side  of  the  sheet.  When  the  drawings  do  not  contain  any  shop 
bills,  these  shall  be  so  written  that  each  sheet  can  have  its  bill  attached  to  it  if  desired;  one  page  of 
bills  shall  not  contain  bills  for  two  sheets  of  drawings.  In  large  structures  which  are  sub- 
into  shipments  of  suitable  size.  Iwth  mill  ami  shop  bills  must  be  written  scfjaratcly  for 

shipmrnt.  In  writing  the  shnp  bill  l)oar  in  mind  that  it  shall  scr>'c  as  a  guide  for  the  laying 
out  and  assembling  of  the  member,  Iwsidcs  being  a  list  of  the  material  requireil.  For  this  reawm 
members  which  arc  radically  diffen*nt  as  to  material  shall  not  \ie  bunched  in  the  same  shop  bill, 
ttithcr  shall  pieces  which  have  different  marks  be  bunched  in  the  same  item,  even  if  the  material 
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is  the  same.  Dill  first  the  main  material  in  the  member,  and  follow  with  the  smaller  pieces,  begin- 
ning at  the  left  end  of  a  girder,  or  at  the  bottom  of  a  post  or  girder.  On  a  column  each  different 
bracket  shall  be  billed  complete  by  itself.  Do  not  bill  first  all  the  angles  and  then  all  the  Bats; 
for  example  when  the  end  stiffencnt  in  a  girder  are  billed,  the  ^Icra  belonging  to  them  shall  foUow 
immediately  after  the  angles,  and  so  on. 

When  machine- finished  surface*  are  required,  the  drawing  and  the  shop  bill  shall  «pccify  the 
finished  width  and  length  of  the  piece,  the  proper  allowance  for  shearing  and  planing  being  made 
in  the  mill  bill.  When  the  metal  is  to  be  planed  as  to  thickness,  the  drawing  and  the  shop  bill 
shall  specify  both  the  ordered  and  the  finished  thickness;  one  pi.  15  in.  X  ]  in.  X  I  ft.  6  ixL  (planed 
from  13/16  in.). 

Field  Rivets.— A  "  Bitl  of  Field  Rivets'*  shall  be  made  for  each  structure.  The  "Bill  of  Field 
Rivets"  shall  give  in  onlcr  the  number,  diameter,  grip,  length  and  the  location  of  the  rivets  in 
the  structure.  The  number  of  field  rivets  to  be  furnished  to  the  erector  shall  be  the  actual  number 
of  each  diameter  and  length  required,  plus  15  per  cent,  plus  10. 

Field  bolls  shall  be  billed  on  "bill  of  rivets  and  bolts"  only.  Bill  them  similarly  to  field  rivets, 
and  give  the  drawing  number  on  which  they  arc  shown:  4 — bolts  {  in.  X  2  in.  grip,  3  in.  U.  H. 
stringers  "S"  to  fl<x>rbeani  "F"  drawing  No.  13,  4  hcac.  (or  4  square)  nuts  for  abo\*e  bolts.  Bill 
of  bolts  and  bill  of  field  rivets  shall  be  prepared  and  placed  in  the  shop  in  rime  to  be  made  with 
other  material. 

General  Notes. — Full  information  regarding  the  following  points  shall  appear  on  the  drawings. 

where  practicable  as  "General  Notes.**     Loading ,  Specifications Material 

,  Rivets ,  Open  1  loles ,  Reaming  Requirements ,  Other  Special 

Requirements ,  Painting. 

Erection  PUn. — Make  erection  plans  simultaneously  with  the  shop  pbns,  and  keep  came  up 
to  date.  The  erection  plana  must  show  plainly  the  style  of  connections;  joint>  in  pin  spans  are  10 
be  shown  separately  to  a  larger  scale.  For  the  erection  plan  of  a  truss  bridge  see  Fig.  7.  Shipping 
bills  showing  the  number  of  pieces,  erection  mark,  and  weight  shall  be  made  for  each  shipment. 

Subdivisions,— Every  contract  embracing  different  classes  of  work  shall  have  a  subdi>i&ion 
for  each  class.  These  subdivisions  will  be  furnished  by  the  chief  draftsman.  Drawings*  shop 
and  shipping  bills  must  be  kept  separate  for  each  class. 

PLATE  GIRDER  BRIDGES.— General  Rules.— The  plate  girder  span  shall  be  laid  out 
with  regard  to  the  location  of  web  splices,  stifTeners,  cover  plates,  and  in  a  through  span,  floor- 
beams  and  stringers,  so  that  the  material  can  be  ordered  at  once.  Locate  splices  and  stiflrners 
with  a  view  of  keeping  the  rivet  spacing  as  regular  as  possible;  put  small  fractions  at  the  end  of 
girder.  StifTeners.  to  which  cross-frames  or  floorbeams  connect,  must  not  be  crimped,  but  shall 
always  have  fillers.  The  outstanding  leg  shall  not  be  less  than  4  in.,  gaged  3]  in.;  this  will  enable 
cross-frames  or  floorbcams  to  be  swung  into  place  without  sprea<ling  the  girders.  The  second  pair 
of  Btiffencra  at  the  end  of  girder  over  the  bed-plate  shall  be  placed  so  that  the  plate  will  project 
not  less  than  l  in.  beyond  the  stifTeners. 

Always  endeavor  to  use  as  few  sixes  as  possible  for  stifTeners,  connection  plates,  etc.,  and 
avoid  all  unnecessary  cutting  of  plates  and  angles.  For  this  purpose  locate  end  holes  for  laterals 
and  diagonals  so  that  the  members  can  be  sheared  in  a  single  operation.  In  spans  on  a  grade, 
unless  otherwise  specified,  put  the  necessary  bevel  in  the  bcd-plale  and  not  in  the  base-plate. 
In  short  spans,  say  up  to  50  ft.  put  slotted  holes  for  anchor-bolts  in  both  ends  of  girders,  }  in- 
larger  diameter  than  the  anchor  bolts. 

In  Bciuarc  spans,  show  only  one-half,  but  give  all  main  dimensions  for  the  whole  span.  In 
skew  spans  show  the  wholn  sfjan;  when  the  panels  in  one-half  of  span  are  same  as  in  the  other 
half,  give  the  U'ngths  of  thc-sc  panels,  but  do  not  repeat  rivet-spacing,  except  where  it  differs. 

In  the  small  K'ak*  diagram,  which  shall  appear  on  every  sheet,  unless  span  is  drawn  in  full, 
show  the  position  of  stifTeners,  particularly  those  to  which  cross-frames  or  floorbeams  connect. 

Deck  Plate  Girder  Spans. — Dn  top  of  sheet  show  a  top  view  of  span,  with  cross- frames, 
laterals  and  their  conm-ctions  complete,  with  the  girders  placed  at  right  distances  apart.     Below 
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this  Wcw  »how  the  elevation  uf  the  far  girder  as  seen  from  the  inside,  «-ith  all  field  holes  in  flanges 
and  stiffcners  indicated  and  blackened.  At  one  end  of  the  elevation  show  in  red  the  bridge-seat 
and  back  wall,  give  figures  for  di^ance  from  base  of  rail  to  top  of  masonry,  notch  of  ties,  depth 
of  girder,  thickness  of  base-plate  and  of  bed-plate  or  shoe.  When  the  other  end  of  girder  has  a 
difTcrenc  height  from  l>ase  of  rail  to  masonry,  give  both  figures  at  the  one  end,  and  specify  "for 
this  end"  and  "for  other  end."  If  span  has  bottom  lateral  bracing,  a  bottom  view  (horizontal 
section)  shall  be  shown  below  the  cJevation,  When  no  bottom  laterals  are  required,  show  only 
end  or  ends  of  lower  llangc  of  girder,  giving  detail  of  liasc-plate  and  its  connection  to  the  flange. 
Detail  the  bed-plate  separately,  never  show  it  in  connection  with  the  basc-platc. 

Cross-frames  shall,  whenever  possible,  be  detailed  on  the  right  hand  of  the  sheet  in  line  with 
ihe  elevation.  The  frame  shall  be  made  of  such  deplh  as  to  permit  it  being  swung  into  place  with- 
out interfering  with  the  heads  of  the  flange  rivets  in  the  girders.  Always  use  a  plate,  not  a  washer 
with  one  rivet,  at  the  intersection  of  diagonals.  In  skew  spans  it  is  always  preferable  to  have  an 
uneven  number  of  panels  in  the  lateral  system. 

Through  Plate  Girder  Spans. — Show  on  top  of  sheet  an  elevation  of  the  far  girder  as  seen  from 
innde;  below  this  view  show  ii  horizontal  section  of  span  as  seen  from  almvc  with  the  lateral  s>'stcm 
detailed  complete.  It  is  generally  best  to  show  tloorbcams  and  stringers  in  red  in  this  view  and  to 
detail  them  on  a  separate  sheet.  The  stiffeners  in  a  through  span  should  always  be  arranged  so 
that  the  floor  system  can  be  put  in  place  from  the  center  towards  the  ends.  What  is  said  under 
'*  deck  spans  "  about  showing  bridge-scat.  back  wall,  detailing  bed-plate  separately,  etc.,  applies 
to  through  spans  as  well. 

TRUSS  BRIDGES.— General  Rules.— Before  any  details  are  started  all  c.  to  c.  lengths  of 
chords,  posts,  diagonals,  etc.,  shall  be  ilctermincd,  and  sketches  made  of  shoes,  panel-points, 
splices,  etc.,  so  that  the  material  can  be  ordered  as  soon  as  required. 

If  not  otherwise  specified,  camber  shall  be  proWdcd  in  the  top  chord  by  increasing  the  length 
I  in.  for  every  lo  ft.  for  railroad  bridges,  and  A  in*  for  cver>'  lo  ft,  for  highway  bridges.  This 
increase  in  length  shall  not  be  considered  in  figuring  the  length  of  the  diagonals,  except  in  special 
cases,  as  directed  by  the  engineer  in  charge.  Half  the  increase  in  length  shall  be  considered  in 
figuring  the  length  of  the  top  laterals.  Particular  attention  must  be  paid  to  what  is  said  under 
"General  Rules"  about  showing  part  of  adjoining  member  in  red,  and  about  the  small  scale  dia- 
puni  on  every  sheet. 

For  every  truss  bridge  an  erection  diagram  shall  be  made  on  a  separate  sheet,  giving  the  ship- 
ping marks  of  the  different  members  and  all  main  dimensions,  such  asc.  to  c.  trusses,  height  of  truss, 
number  and  length  of  panels,  length  of  diagonals,  distance  from  base  of  rail  to  masonry,  distance 
from  center  of  bottom  chord  or  pin  to  masonr>',  size  and  grip  of  pins  (Fig.  7),  also  show  in  larger 
scale  the  packing  at  panel  points,  state  any  special  feature  which  the  erector  needs  to  look  out  for, 
and  give  approximate  weight  of  heavy  and  important  pieces  when  their  weight  exceeds  five  tons. 
If  in  any  place  it  is  doubtful  whether  rivets  can  be  driven  in  the  field,  the  erection  diagram  and 
also  the  detail  drawings  shall  state  that  "turned  bolts  may  be  used  if  rivets  cannot  be  driven." 
A  list  giving  number  and  contents  of  drawings  belonging  to  the  bridge  shall  also  appear  on  the 
ertction  diagram  »he<'t. 

Riveted  Truss  Bridges. — In  square  spans,  not  too  large,  show  the  left  half  of  the  far  truss  as 
Men  from  the  inside  and  detail  all  members  in  their  true  position,  making  bcale  of  the  skeleton  one- 
Uf  the  scale  of  the  details.  In  skew  spans,  not  s>'mmetrical,  show  the  whole  of  the  far  truss.  In 
luve  spans  detail  evcr>'  membi'r  separately.  When  detailing  web  members  bear  in  mind  that  the 
lucrsoction  point  on  the  chord  must  not  be  used  as  a  working  point  for  a  meml>er  which  stops 
oocside  o(  the  chord.  A  separate  working  point,  preferably  the  end  fxvet,  shall  be  established  on 
the  member  proper,  and  shall  be  tie<t  up  with  the  intersection  point  on  the  chord. 

The  clearance  Iwtwecn  the  chord  and  a  web  member  entering  same  shall,  whenever  possibld 
be  not  le«  than  1  in.  in  heavy  and  iV  in.  in  light  structures. 

.Members  shall  be  marked  with  the  panel  points  between  which  they  go,  for  example,  end- 
port  LrUti  hip  vertical  Ui-Li;  top  chord  Ut~Ut,  etc.,  see  Fig.  7. 
27 
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Pin-connected  Truss  Bridges. — In  pin-connected  truss  bridges  detail  the  left  half  ci  the  far 
truss  as  seen  from  the  inside,  cveo'  member  by  itself.  It  is  geocrally  best  to  commence  with  the 
end-post,  showing  it  lengthwise  on  the  sheet  with  the  lover  end  to  the  left;  then  the  first  acctioo 
of  the  top  chord,  and  so  on.  The  packing  at  panel  points  shall,  whenever  poasible.  be  so  arranged 
that,  besides  the  customary-  allowance  of  t^  in.  for  e\-er>-  bar.  a  clearance  of  not  less  than  2  in.  can 
be  provided  between  the  two  sides  of  the  chord.  When  two  or  more  plates  are  used.  A  in-  should 
in  addition  be  allowed  for  each  plate.  Members  shall  be  marked  the  same  as  for  riveted  truss 
bridge*,  with  the  panel  points  between  which  they  go,  see  Fig.  7. 

Order  of  Detailing  Truss  Spans. — In  making  detail  plans  and  bills  of  material  the  following 
order  shall  be  follo«'cd  for  truss  spans. 

1.  General  drawing;  7.  Upper  laterals; 

2.  End-posts;  8.  Luwcr  laterals; 
I           3.  Upper  chords:                                                      9.  Floorbeams: 
I          4.  Lower  chords;                                                        ID.  Stringers; 

\         5.  Intermediate  posts;  1 1.  Castings,  bolts,  eye-bars,  pins,  etc. 

*         6.  Sway  bracing; 

OFFICE  BUILDINGS  AND  STEEL  FRAME  B0TLDnfGS.—lf umber  of  Drtwings.— The 
different  sheets  ^al!  be  numbered  consecutively,  whether  large  or  small.  No  half  numbers  are 
permissible  except  in  emergency  cases.  It  is  alwa>-s  well  to  arrange  the  number  so  that  the  sheets 
follow  in  the  order  in  which  the  material  is  required  at  the  building.  The  following  is  generally 
a  good  order: 

1.  Floor  plans  for  all  Boors; 

3.  Column  schedule: 

L  3.  C^st-iron  bases  for  columns; 

Y         4.  Foundation  girders; 

W         5-  Foundation  beams; 

w         6.  First  tier  of  columns; 

I  7.  Riveted  girders,  connecting  to  first  tier  of  columns 

I  8.  Beams  connecting  to  first  tier  of  columns; 

i  9.  Miscellaneous  material  for  above; 

10.  Second  tier  of  columns,  etc..  etc. 
Floor  PUss. — Floor  plans.  Fig.  12,  shall,  as  a  rule,  be  made  to  a  scale  \  in.  to  I  ft.  A  separate 
plan  shall  be  made  for  each  floor,  unless  they  are  exactly  alike.  Columns  shall  be  marked  consec- 
utively with  numerals,  the  word  Col.  always  appearing  in  front  of  the  numeral,  for  example, 
CoU  20.  The  architect  or  engineer  has  generally  on  his  drawing  adopted  a  system  of  marking  for 
the  columns,  which  should  be  adhered  to,  unless  altogether  too  impracticable.  RiA'cted  girders 
shall  be  indicated  with  two  (2)  fine  lines  when  they  ha^'e  cover  plat«»,  and  with  four  (4)  fine  lines 
when  they  have  no  cover  plates.  They  shall  be  marked  consecutively  with  numerals,  u^ng  the 
same  marks  for  girders  which  are  alike.  Beams  and  channels  shall  l)e  indicated  with  one  single 
heax'y  line.  They  shall  be  marked  the  same  as  girders,  with  numerals,  using  same  marks  when 
alike.  Tie-rods  shall  be  indicated  with  one  single  fine  line;  they  need  not  have  any  marks.  The 
marking  system  shall  be  as  uniform  as  pos«blc  for  the  different  floors,  i.  e.,  a  beam  which  goes 
between  Col.  2  and  Col.  3  shall  be  marked  with  the  same  numeral  throughout  all  the  floors.  AH 
figures  necsessary  for  making  the  details  shall,  as  a  rule,  appear  on  the  floor  plan,  care  being  taken 
in  writing  same  to  leave  room  for  the  erection  marks,  which  must  be  printed  in  heavy  type  above 
the  line  or  lines  representing  a  beam  or  girder. 

Column  Schedule. — For  ewry  large  building  a  schedule  of  the  columns  shall  be  made  before 
the  details  are  started,  see  Fig.  13.  Each  column,  even  should  several  be  alike,  shall  have  a  separ- 
ate space,  in  which  shall  be  given  the  material  and  the  finished  length.  As  soon  as  the  detail 
drawings  for  one  tier  of  columns  are  finiflh<-d  the  sheet  numbers  shall  be  inserted  as  shown  on  the 

paroplc  schedule.  Fig.  13,  making  the  schedule  scr\x  as  an  index  for  the  column  drawings. 
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SHOP  DRAWINGS  FOR  OFFICE  BUILDINGS. 


Columns. — Columns  shall,  whenever  possible,  be  dra«*n  standing  up  on  the  sheets  as  they 
appear  in  the  building.  If  it  becumes  nui:est>ary  to  draw  them  lengthwise  on  the  sheet,  the  base 
shall  be  to  the  left.  Particular  attention  shall  be  paid  to  establishing  a  marking  system  for 
brackets,  splice-plates,  etc.     A  5ummar>'  of  all  these  standard  pieces  shall  be  made  for  each  tier 
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KiG.  12.    Floor  Plans  for  Office  Bitildings. 

and  trnt  to  the  shop  as  early  as  practicable,  in  order  that  they  may  be  gotten  out  before  the  main 
■Mtcrial  is  taken  up.  The  material  for  the  small  pieces  shall,  as  far  as  possible,  be  cho&on  from 
■tock  sizes.  Columns  shall  Ikt  marked  with  the  numbers  of  the  floors  Iwtucen  which  they  go; 
CoL  5  (1-3).  The  lower  tier  is  best  marked  "  Basement  Tier."  Standard  details  for  columns  are 
pvcn  in  Fig.  14  and  Fig.  15. 

RiFeted  Girders. — Girders  shall  be  marked  with  the  number  of  the  floors,  not  with  letter*. 
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iiflleiB  reqneated ;  for  rotnfilr,  2d  Hoar*  X<x  5.  mat  m  ai 
for  standard  pieces  appfir^  to  fiitlrss  as  mlL  Wkea  a  g^nkr  is 
fine,  and  a  qoestioa  may  arae  ham  to  cnct  k.  one  tad  akal  be 
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Fig.  13.    Column  Schedlxb  for  Office  Buildings, 

toKcthcr  for  the  clifTcrcnt  floors  more  than  to  meet  the  requirements  in  the  field;  but  they  must 
corrcHpfjml  to  the  tiers  of  columns  as  they  will  be  erected. 

Beams. — Beams  shall  be  drawn  on  the  standard  forms  provided  for  the  purpose.  They 
need  not  Xycl  drawn  to  scale,  see  Fig.  16  and  Fig.  17.  Beams  shall  be  marked  the  same  as  girders 
with  the  numlKT  of  the  floor;  One  12"  I  @  40  lb.  X  19-3^",  (Mark)  2d  Floor  No.  35.  What 
is  said  unflcr  girders  about  marking  one  end,  when  not  symmetrical  around  the  center  line,  and 
atH>i]t  not  l>unrhing  the  different  floors  more  than  to  meet  the  requirements  in  the  field,  applies 
to  Ix'ams  an  well. 

Whenever  pofwible  use  standard  framing  angles.  Tables  1 17  and  1 18,  Part  II.  If  it  isdeemed 
ncf-enHary  to  use  6  in.  X  6  in.  angles,  punch  both  legs  the  same  as  the  6  in.  leg  of  standard;  In  3)  in.  X 
3I  in.  or  4  in.  X  3i  in.  angles,  punch  both  legs  the  same  as  4  in.  leg  of  standaid*    It  is  not  aboo- 


lutely  imperative  that  the  gageof  the  framing  angles  shall  be  standard  as  long  as  the  vertical  distance 
between  the  holes  and  in  the  6  in.  leg  the  horizontal  distance  (21  in.),  are  kept  standard.  Holes 
for  connections,  tie-rods,  etc.,  shall  be  located  from  one  end  of  the  beam,  preferably  the  left-  If 
one  end  rests  on  the  wall  and  the  other  end  is  framed,  then  figure  from  the  latter  end,  be  it  right 
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Fig.  14.    Standard  Details  for  Bethleobh  H-Colijmns. 

This  rule  may  be  dispensed  with  in  caae  of  numerous  holes  regularly  spaced  in  web  or 
for  connection  of  shelf-angles,  buckle-plates,  etc.  The  allowed  overrun  at  ends  of  beams 
always  be  indicated,  either  by  giving  figures  or  by  showing  wall  bearing.     Holes  at  the  end 
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Fig.  .15.    Standard  Details  for  Built-up  H-Columns. 


STANDARD  DETAILS  FOR  ROLLED  BEAMS. 
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Fig.  i6.    Standard  Details  for  Rolled  Dbaus. 
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Chap.  XI 1. 


of  beam  for  anchors  are  best  figured  from  wall  end,  not  connecting  them  with  other  figures.  The 
distance  between  und  hulusin  boams  which  connect  through  web  or  flange  to  columns,  girders,  etc., 
shall  always  be  given.  When  framing  angles  are  standard,  do  not  give  any  figures  for  cither  shop 
or  field  rivets,  except  the  distance  from  bottom  of  beam  to  center  of  connection  or  to  first  holes  in 
framing  angle,  and  the  horizontal  distance  between  field  holes.  When  special  framing  angles  are 
used,  the  fact  must  be  noted  and  figures  given  fur  gages,  etc.  For  standard  connection  holes  in 
web  of  beam  all  figures  rcquirefl  arc  the  distance  from  bottom  of  l>eam  to  centre  of  connection  or 
to  first  hole  and  the  horizontal  distance  between  holes.    Whenever  possible  use  standard  punching. 
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Fig.  17.    Standard  Details  for  Rolled  Beams. 


ERECTION  PLAN  FOR  MILL  BUILDINGS.— The  preceding  method  for  office  buildings 
will  need  considerable  modification  for  steel  frame  mill  buildings.  The  following  method  for 
making  erection  plans  Tor  steel  frame  mill  buildings  has  been  found  very  satisfactory. 

If  the  points  of  the  compass  are  known,  mark  all  pieces  on  the  north  side  with  the  letter,  N, 
those  on  the  south  with  the  letter,  S,  etc.  Mark  girts  N.G.i;  N.C.J ;  etc.  Mark  all  posts  with  a 
different  number,  thus:  N.P.i;  N.P.2;  etc.  Mark  small  pieces  which  are  alike  with  the  same 
mark;  this  would  usually  include  everything  except  posts,  tru&scs  and  girders,  but  in  order  to 
follow  the  general  marking  scheme,  where  pieces  are  alike  on  both  sides  of  a  building,  change  the 
general  letter;  c.  g.,  N.G.7  would  be  a  girt  on  the  north  side  and  S.G.7  the  same  girt  on  south  side. 
Then  in  case  the  north  and  south  sides  are  alike,  only  an  elevation  of  one  side  need  be  shown,  and 
vnder  it  a  note  thus:  "  Pieces  on  south  side  of  building,  in  corresponding  positions  have  the  same 
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Fio,  |8.    Standard  Details  for  Angle  Struts. 
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anisbcr  as  on  tins  wle,  bat  pRfixtd  bf  dhc  letter,  S^.  mattad  of  tfe  kttcr.  N.**  Ifaik  tnma 
T-i;  T^;  «c-     Mark  porlias  R-i;  R-2:  em 

The  Above  mhfir  will  oeceasarily  have  tD  be  Mmfifaij  Move  or  las  actmdun  to  cnaiai- 
stasices ;  for  example,  wfaexc  a  boik&ns  has  Affocat  »«-iiiiw%  or  ifiiiiiii  atuJyiag  on  the  nine  order 
somber,  m  wfaicfa  case  each  sectioo  or  ifithiun  thmilif  ha¥v  a  cfisdagnihias  letter  vhicfa  dioold 
prefix  the  mark  of  every  piece.  In  soch  cases  k  viD  perhaps  be  nfl  to  onit  other  letters,  such  as 
X.,  S^,  etc..  so  that  the  mark  viD  not  be  too  long  for  casr  marlciaK  <a  the  piece.  In  general, 
bonvever,  the  scheme  shoold  be  foOoved  of.  mailiiig  all  the  larger  pieces*  whether  aElce  or  not, 
with  a  di^erem  mark.  This  would  refer  to  pieces  wfaicfa  are  Babic  to  be  hauled  immediately  to 
their  places  from  the  cars.     Bat  for  all  smaller  pieces  which  are  afike,  give  the  same  mark. 

DETAIL  90TES. — Srctinn^ — End  views  of  sectiovks  shaU  be  shown  as  in  (a)  Fig.  19,  and 
sections  shall  be  cross-hatched  or  blackened  as  diown  in  (b)  Fig.  19. 

Aw'iiihliiig  Hote. — Covers,  webs,  fiange  angles,  etc.  most  not  be  maihed  afike  when  it 
would  be  necessary  to  tmn  them  end  for  end.  see  (c)  Fig.  19. 

Kivet  "parint — Rh-et  sparing  must  be  tied  up  from  end  to  end. 
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Fig.  19. 


Connection  Plates. — In  detailing  connection  plates  wherever  be\'el  for  holes  on  lines  "b," 
(d>  and  fe)  Fig.  19,  is  different,  spacing  for  holes  on  lines  "a"  should  be  made  different  to  prevent 
plates  from  being  interchanged. 

Writing  Angles.— In  writing  angles  give  the  longer  leg  first.  i-L  6"  X  4"  X  \'*  X  io'-o|". 

Writing  Plates. — In  writing  plates  the  width  of  the  plate  is  gi\'en  in  inches,  the  thickness  in 
inches,  and  the  length  in  ft.  and  in.;  2-PI.  48"  X  \"  X  l5'-o}".  A  length  of  9  in.  should  be 
written  o'-9"  and  not  9".  The  width  of  a  plate  is  the  dimension  at  right  angles  to  the  length 
of  the  memlxrr,  while  the  length  of  a  plate  is  the  dimension  parallel  to  the  length  of  the  member 
to  which  the  plate  is  attached;  except  that  for  lacing  bars,  tie  plates  and  other  universal  mill 
platfrs  6  inches  and  less  in  width  the  least  dimension  is  taken  as  the  width  of  the  member*  and 
for  splice  plates  the  width  is  the  dimension  at  right  angles  to  the  splice. 

Writing  Sections.— Sections  are  written  as  follows:   i-I  12"  @  40  lb.  X  l6'-3i". 

Miscellaneous. — Bevels  may  be  shown  as  so  many  inches  in  12",  (a)  Fig.  20;  or  where  con- 
venient the  total  lengths  may  be  given  as  in  (b)  Fig.  20.  The  latter  method  is  the  better  as  it 
assists  the  checker  and  the  templet  maker. 

The  maximum  amount  that  one  leg  of  an  angle  can  be  bent  is  45^  For  a  greater  bend  Chan 
45®  a  iK'nt  plate  shall  be  used,  (c)  Fig.  20. 

The  center  to  center  length  of  stiff  laterals  should  be  not  less  than  A  «»■  short. 

Do  not  use  2  sizes  of  rivets  in  the  same  leg,  or  same  angle,  or  same  piece  unless  absolutely 
necessary. 
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^Tierc  unequal  legged  angles  are  used  mark  the  width  of  one  leg  of  the  angle  on  the  leg. 

Where  heavy  laterals  are  spliced  in  the  middle  by  a  plate,  ship  the  plate  riveted  to  one  angle 
only. 

Do  not  countersink  rivets  in  long  pieces  unless  absolutely  necessary. 

Do  not  draw  any  more  of  a  member  than  necessary,  and  do  not  dimension  the  same  piece 
several  times. 

Revising  Drawings. — When  drawings  have  been  changed  after  having  been  &rst  approved, 
they  must  be  marked,  Revised  (give  date  of  revision). 


Fig.  20. 


I 


Measuring  Ang:Ies. — Alt  measurements  on  angles  are  to  be  made  from  the  back  of  the  angle, 
and  not  from  the  edge  uf  the  flange.  The  renter  to  center  distiinrc  between  open  holes  should 
always  be  given  for  each  piece  that  is  shipped  separate,  in  order  that  the  inspector  can  check  the 
piece. 

Width  of  Anglea.^The  widths  of  the  legs'  of  angles  arc  greater  than  the  nominal  w'idths, 
unless  the  angle  has  been  rolled  with  a  finishing  mil.  The  over-run  for  each  leg  is  equal  to  the 
nominal  width  of  the  leg  plus  the  increase  in  thickness  of  leg  made  hy  spreading  the  rolls.  For 
example  5ntshing  rolls  arc  used  for  rolling  3"  X  3"  angles  with  a  thickness  of  I".  The  actual 
length  of  the  leg  of  a  3"  X  3"  angle  is  as  follows:  angle  3"  X  3"  X  i".  leg  3";  angle  3"  X  3"  X  A", 
leg  3A";  angle  3"  X  3"  X  I".  leg  3I":  angle  3"  X  3"  X  J",  leg  3I";  angle  3"  X  3"  X  I", 

The  over-run  of  Pcncoyd  angles  are  given  in  Tabic  27,  Part  II;  and  the  over-run  of  Pennsyl- 
vania Steel  Company's  anvil's  are  given  in   Talile  28»  Tart  II. 

POINTS  TO  BE  OBSERVED  IN  ORDER  TO  FACILITATE  ERECTION.— The  first 
ition  for  ease  and  safety  in  erection  should  be  to  so  arrange  all  details,  joints  and  con- 
MetfOflS  that  the  structure  may  be  connected  and  made  M.*lf>sustaining  and  safe  in  the  shortest 
tune  possibte.  Entering  connections  of  any  character  should  l>c  avoided  when  possible,  notably 
on  top  chords,  floorbcam  and  stringer  connLCliuns,  splices  in  girders,  etc.  When  practicable, 
joints  should  be  so  arranged  as  to  avoid  having  to  put  members  tf»ficther  by  entering  ihem  on  end, 
u  it  is  often  imtxwaible  to  get  the  necessiiry  clearance  in  which  to  do  this.  In  all  thnniKh  .si>ana 
floor  connections  should  be  so  arranged  that  the  floor  system  can  be  put  in  place  after  the  trusses 
or  girders  have  been  erected  in  their  final  position,  and  vice  versa,  so  that  the  trusK's  or  girders 
can  be  erected  after  the  floi^r  system  has  been  set  in  place.  All  lateral  bracing,  hitch-plates,  riveta 
in  laterals,  etc..  should,  as  far  as  possible,  be  kept  clear  of  the  bottoms  of  the  ties,  it  being  expensive 
to  cut  out  ties  to  clear  such  obstructions.  Lateral  plates  should  be  shippi'd  Uxise,  Or  bolted  on 
so  that  they  do  not  project  outside  of  the  mcmlK'r,  whenever  there  is  danger  of  their  being  broken 
off  in  unloading  and  handling.  Loose  fillers  should  be  avoided,  but  they  should  be  tacked  on  with 
rivets,  countersunk  when  necessary. 

In  elevated  railroad  work,  viaducts  and  similar  structures,  where  longitudinal  girders  frame 
into  cross  girders,  shelf  angles  should  be  provided  on  the  latter.     In  these  structures  the  expansion 
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RULES  FOR  ORDERING  MATERIALS 


joints  should  be  so  arranged  that  the  rivets  connecting  the  fixed  span  to  the  cross  girder  catti 
driven  after  the  expansion  span  is  in  place.  In  viaducts,  etc.,  two  spans,  abutting  on  a  bed 
should  be  so  arranged  that  cither  span  can  be  set  in  place  entirely  independent  of  the  other.  T 
same  thing  applies  to  girder  spans  of  different  depth  rx-ating  on  the  same  bent.  Holes  for  ancht 
bolts  should  be  so  arranged  that  the  holes  in  the  masonry  can  be  drilled  and  the  bolts  put  in  pla 
after  the  structure  has  been  erected  complete. 

In  structures  consisting  of  more  than  one  span  a  separate  bed-plate  should  be  provided  I 
each  shoe.  This  is  particularly  important  where  an  old  structure  is  to  be  replaced;  if  two  she 
were  put  on  one  bed  plate  or  two  spans  connected  on  the  same  pin,  it  would  necessitate  removii 
two  old  spans  in  order  to  erect  one  new  one.  In  pin-connected  spans  the  section  of  top  chor 
nearest  the  center  should  be  made  with  at  least  two  pin-holes.  In  skew  spans  the  chord  splic 
ihould  be  so  located  that  two  op|>;>sitc  panels  can  be  erected  without  moving  the  traveler.  1 
plates  should  be  kept  far  enough  away  from  the  joints  and  enough  rivets  should  be  countersu) 
inside  the  chord  to  allow  cyc-bars  and  other  memljers  being  easily  set  in  place.  Posts  wi 
channels  or  angles  turned  <nn  and  not<hctl  at  the  ends  should  be  avoided  whenever  (x>ssible. 

ORDERING  MATERIAL.— Bridge  Work.— Ordinarily  plates  less  than  AH  in.  wide  i 
ordered  U.  M.  (universal  mill  or  edge  plates),  but  when  there  is  no  need  for  milled  edges  ai 
pcDmpt  delivery  is  essential  specify  either  U.  M.  or  sheared.  Never  order  widths  in  eightl 
Flats  and  universal  (edge)  platens  over  4  in.  in  width  should  be  ordered  in  even  inches,  flats  und 
4  in.  should  be  ordered  by  i  in.  variation  in  width.  Flats  J  in.  and  under  in  thickness  are  ve 
difficult  to  secure  from  the  mills  and  should  be  avoidcil  if  possible. 

Rolling  mills  are  allowed  a  variation  of  {  in.  in  width  of  plates,  over  or  under,  and  a  variati* 
of  I  in.  in  length,  over  or  under,  from  tbe  unlert^l  width  or  length.  Rolling  mills  arc  allowed 
^TLriation  of  {  in.  over  or  under  the  ordered  length  of  Ix-ams,  channels,  angles,  zees,  etc.  i 
eitra  price  is  charged  fur  cutting  to  exact  length.     Sec  Chapter  XHI. 

Allow  ^  in.  in  thickness  for  planing  pLilcs  2  ft.  6  in.  stjuare  or  lesa^  I  in.  for  plates  more  tK 
3  ft.  6  in.  square,  and  }  in.  for  columns;  chords  and  girders  which  have  milled  ends  arc  order 
i  in.  longer  than  the  finished  dimensions.  ] 

Web  plates  should  be  ordered  5  in.  less  than  the  Imck  to  l>ack  of  flange  angles  unless  a  tc 
clearance  is  s|X!cificd.  Web  plates  should  preferably  be  ordered  in  even  inches  and  the  distan 
back  to  back  of  angles  made  in  fractions. 

When  angles,  beams  or  channels  are  bent  in  a  circle  allow  9  in.  to  la  in.  for  bending. 

Bent  plates  should  be  ordered  to  the  length  of  the  outside  of  the  bend. 

/f 
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a 
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Fig.  J4.    Beams  Between  Columns. 


Large  gusset  plates,  large  plates  with  angle  cuts,  etc.,  should  be  onlored  as  sketch  platt 
•Iwn  the  amount  of  waste  if  ordered  rectangular  will  exceed  20  per  cent.  Mills  will  not  make  r 
nitnint  cuts  in  plates  or  shapes. 

In  ordering  lacing  bars  add  A  in*  to  the  finished  length  and  order  in  multiple  lengths. 

ORDERING  MATERIAL.— Building  Work.— Order  beams  in  foundation  neat  length. 

Order  beaoib  framing  into  beams  \  in.  sliort  for  each  end«  see  Fig.  24. 
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Order  main  column  material  f  in.  long  for  milling  both  ends  (this  takes  care  of  permissible 
variation  in  length  of  plus  or  minus  |  in.  as  well  as  the  milling). 

Order  girder  flange  angles  and  plates  I  in.  long. 

Order  girder  web  plates  \  in.  short,  where  end  connections  are  used. 

Order  girder  web  plates  neat  length,  where  end  connections  are  not  used. 

Order  girder  web  plates  |  in.  less  in  width  than  back  of  flange  angles. 

Order  stiffener  angles  I  in.  long. 

Order  fillers  under  stiffeners  neat  length. 

Add  A  in.  to  each  lacing  bar  and  order  in  multiple  lengths. 

SHAPES  AND  PLATES  MOST  EASILT  OBTAINED.— The  ease  with  whkh  different 
commercial  sizes  of  shapes  and  plates  may  be  obtained  from  the  rolling  mill  varies  with  the  mill 
and  with  the  demand.  Where  any  section  is  in  demand  rollings  are  frequent  and  the  orders  are 
promptly  filled,  while  the  order  for  a  section  not  in  demand  may  have  to  wait  a  kmg  time  until 
suflScient  orders  have  accumulated  to  warrant  a  special  rolling. 

The  following  list  of  plates  and  sections  is  fairly  accurate,  the  list  varying  from  time  to  time. 

PUtes. — Plates  most  easily  obtained. 

Width.  Thidcnen,  Width.  ThkkncM, 

In.  In.  la.  In. 

I|  ^  and  \  5  \  and  up 

i}  A  and  1  6  1  and  up 

3  A  and  \  7  \  and  up 
3i  i  and  up  8  i  and  up 
2|  I  and  up  9  1  and  up 
5  i  and  up  lo  I  and  up 
3l  \  and  up  12  \  and  up 

4  I  and  up  14  i  and  up 

Over  14  in:  in  width  it  is  immaterial  what  width  of  plate  is  specified. 

Squares  and  Rounds. — Squares  and  rounds  most  easily  obtained. 

Rounds,  r.  I",  i",  1".  in  li". 

Squares,  i",  T,  i",  U",  ij". 

All  other  sizes  are  liable  to  cause  delay. 

Beams. — Sizes  of  1-Beams  which  can  be  obtained  most  readily. 

Depth. 

6" 

8" 
10" 
12" 

15" 
18" 
20" 
24" 

Sizes  of  I-Bcams  which  may  be  used  but  for  which  prompt  deliveries  may  not  be  expected. 
Depth.  Weight. 

5"  9i  lb. 

7"  15    lb. 

9"  21    lb.  251b. 

Beams  of  weights  different  from  the  above  can  always  be  obtained  from  the  mills  but  not  so 
readily  as  those  given.  Beams  of  minimum  section  can  always  be  obtained  more  readily  than 
heavier  sections. 


Weight. 

I2i  lb. 

18    lb.  20i  lb. 

25    lb.  30    lb. 

3iilb.35    lb. 

40  lb. 

42    lb.  50    lb. 

6Dlb. 

55    lb.  60    lb. 

70  lb. 

65    lb.  80    lb. 

80    lb.  90    lb. 

100  lb. 

SHAPES  AND  PLATES  MOST  EASILY  OBTAINED. 


Channels. — CbanncU  which  can  be  mosl  readily  obtained  from  Lhc  mills. 

Depch.  Wdsbt. 

6"  8    lb. 


8" 

10" 
12" 

t5" 


II}  lb.  iBjlb. 
15    lb.  20    lb.  35  lb. 
20J  lb.  25    Jb.  30  lb. 
33    lb.  40    lb.  50  lb. 


which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
Depth.  Wdcht. 

5"  6i  lb. 

7"  9i  lb. 

9"  13I  lb. 

Channels  of  weights  different  than  those  given  above  can  always  be  obtaintsj  at  the  mills 
but  not  so  readily  as  thoee  given.  ChiinneU  uf  minimum  section  can  always  be  obtained  more 
readily  than  heavier  sections. 

An^es. — Angles  most  easily  obtained  from  the  mill. 
E^-en  legs.— 2i"  X  at":  3"  X  3":  3i"  X  35":  4"  X  4":  6"  X  6". 
Uneven  legs.— ii"  X  2":  3"  X  al";  3!"  X  3";  4"  X  3":  5"  X  3!":  6"  X  4". 
Angles  which  may  be  used  but  for  which  prompt  deliveries  cannot  be  expected. 
•Ewn  legs.— 2"  X  2":  2J"  X  ai";  5"  X  5":  «"  X  8". 
Uneven  legs.— 3"  X  2";  3§"  X  2J";  4"  X  3t":  6"  X  3*"- 
Angles  4"  X  3i":  5"  X  4":  7"  X  34"  and  8"  X  6"  are  very  difficult  to  obtain. 
To  obtain  prompt  deliveries  as  few  sizes  and  shapes  as  practicable  should  be  used  for  any 
contract.     For  example  if  6"  X  4"  angles  arc  used  6"  X  3i"  should  be  avoided,  and  vice  versa. 
Tees.— If  possible  the  use  of  Tees  should  be  confined  to  3"  X  3"  X  |"  and  a"  X  2"  X  A". 
and  even  these  sixes  are  uncertain  of  delivery. 

Zees.— The  delivrr>'  of  zees  is  uncertain  and  wilt  depend  upon  special  rollings,  which  do  not 
Qocur  frequently.     The  following  sizes  arc  the  most  used,  .incl  arc  therefore  mobt  easily  obtained. 
Web.  Thicknctt. 

3"  i".  A"  and  I" 

4"  i".  A"  and  f" 

5"  A",  I"  and  i" 

6"  r'.r.r.  I'M"  and  I" 

Stock  Materiftt — ^The  Pennsylvania  Steel  Company  carries  the  following  material  In  stock 
30  ft.  lengths  for  use  in  its  structural  plant. 


Anslci;.  Even  Leo. 
6"  X  6"  X  A"  and  i" 
4"  X  4"  X  I"  and  A" 
31"  X  3*"  X  I"  and  A" 
3"  X  3"  X  A",  f"  and  A" 

phtfii. 
ao"  X  I"  and  I" 

18"  X  r  and  I" 
16"  X  i"  and  1" 

15"  X  r'andi" 
14"  X  I"  and  J" 
13"  X  I"  and  J" 
12"  X  I".  A"  and*" 
10"  X  I"  and  A" 

9"  X  I" 


Andes.  Uneven  Lees. 
6"X4"X  I".  A"  and  i" 
5"  X  34"  X  I".  A"  and  J" 
4"X3i"X  A"andr 
34"  X  3"  X  A"  and  |" 
3"  X2j"X  A"  and  I" 
Flat*. 

7"  X  I" 

6"  X  I"  and  |" 

34"  X  i".  1"  and  I" 

3"  X  I"  and  A" 

2j"  X  I"  and  A" 

ai"  X  A"  and  l" 

2"  X  J"  and  A" 
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Lengths  and  Widdu  at  Plates. — ^The  maTimuin  sizes  and  lengths  of  shapes  a 
rolled  by  the  Cam^ie  Steel  Company  and  the  Illin(MS  Steel  Company  are  given  i 
Table  VII,  inclusive. 

TABLE  I. 

MAxniuu  Lengths  of  Shapes;  Caexegie  Steel  Co. 


/  Beams: — 

24"  to  12" 75  ft. 

10"  to  5" 70  " 

4"  and  3" 50  " 

Channels:^ 

15"  to  12" 75  ft. 

10"  standard 70  " 

10"  special 80  " 

9"  to  5". . 

4"andr. 

5"  to  I".  .  . 
Zees: — 

6"  and  5". 

4"  X  r 


Angles  {Eneoen  Legs): — 

8"X6" 

7"X3rXi"tor.. 
7"  X  3i"  X  H"  to  A" 


70 " 

50" 

50  ft. 
70  ft. 

65 " 


X4"X  i"tof' 

X  4"  X  H"  and  under  . 

X  3i"  X  I"  to  r 

X3r  XH" 

X3r  X  i"  and  under. 

X4" 

X  3l"  X  f 


and  under. 


4"  X  H  aod  under 70 


70 


Deck  Beams:— 

10" 45  ft. 

9"  to  7" 65  " 

6" 60  " 

Bulb  Angles: — 

10"  to  7" 65  ft. 

6" 60  " 

5" 65  " 

Angles  {Even  Legs): — 

8"  X8" 120  ft. 

6"  X  6"  XI"  to  1" 80  " 

6"  X  6"  X  H"  and  under 90  " 

5"X5" 85  " 

4"X4" 90  " 

3l"X3r 90" 

3"X3*^ 75  " 

2\'"K2\" 50  " 

2j"X2r 50  " 

21"  X  2i" 50  *' 

2"X2" 50   " 

irxirtoTxr 50 " 


6' 
6' 
6' 
6' 
6' 

5"  X  3I"  X  tf". 
5"  X  3l"  X  r'  a 

5^X3'' 

4i"  X  3"  X  It" 

4r  xy'xi" 

4rx3"xir 

4rX3"X  " 

4*"X3"XA" 

4i"  XX'  X  i"  and  under. 

4"X3r 

4"  X  J"  X  «". 

4"  X  3"  X  i"  a 

3i"  X  3"  X 

3*"  X  3"  X 

3l"  X  3"  X  H"- 

31"  X  3"  X 

3i"  X  3"  X  i"  and  under. 

ar  x^i'^xH" 

3V'  Xar'Xf" 

34"  Xa^'X  V' 

3*"X2i"xi" 

3r  X^r'X  A" 

3i"  Xai"  X  r  and  under 

3r  X2" 

3"X2l"toii' 


and  under. 


XI' 


TABLE  II. 
Maxiuuu  Lengths  of  Material;  Illinois  Steel  Co.  (South  Work: 
Angles: — 

All  angles 

/  Beams: — 

All  I  Beams  up  to  15 

15  I  Beams  42  lb.  to  55  lb 

15  I  Beams  60  lb.  to  75  lb 

15  I  Beams  80  lb 

15  I  Beams  90  lb 

15  I  Beams  100  lb 

Channels: — 

All  Channels 


In  case  it  is  absolutely  essential  to  have  any  of  the  above  material  in  lengths 


I 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

LATES 

■ 

■ 
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>. 

shown,  it  will  be  necessary  to  take  the  matter  up  with  the  mill  to  ascertain  whether  same  can 

obtained. 

For  extreme  lengths  of  material  rolled  at  the  Bay  View  (Milwaukee  Works)  follow  list 

maximum  lengths  rolled  by  Carnegie,  as  the  facilities  for  rolling  all  smaller  sections  are  abo 

the  same  at  bf>th  mills. 

■                                                                     TABLE  III, 

^         MAxiMinti  Sizes  of  RECTANcutAR  and  Circulah  Plates;  C 

arkegie  Steel  Co.       | 

Sheared  Plates,  One-Fourth  Inch  and  0^ 

^ER. 

ThlHtncM. 

Width*  and  Lenctha  In  Inchu. 

EHarn..' 
laches. 

tncbn. 

J32 

126 

IZO 

"4 

108 

102 

96 

90 

84 

78 

l 

150 
230 
265 

200 

210 

250 
300 
400 

280 

300 
380 
460 

110 

180 

300 

260 

275 
350 

315 
440 

IZO 



200 

220 

250 

310 

126 

t 

190 

200 

X 

265 

390 

350 

380 

440 

46s 

475 

132 

220 

230 

280 

300 

360 

400 

450 

475 

500 

132 

f, 

120 

230 

260 

290 

300 

380 

400 

450 

475 

SOO 

133 

220 

230 

170 

300 

320 

360 

380 

420 

440 

480 

134 

k 

220 

230 

270 

300 

320 

350 

380 

420 

440 

4R0 

134 

220 

230 

270 

290 

330 

350 

380 

420 

440 

4R0 

134 

1 

230 

230 

130 

270 
260 

290 

280 

330 

320 

350 

380 

430 

440 

440 

480 
480 

>34 
134 

1 

220 

350 

380 

420 

1 

220 

230 

250 

270 

300 

320 

350 

380 

400 

430 

134 

;i 

200 

220 

230 

250 

380 

300 

320 

350 

370 

40s 

132 

190 

200 

310 

330 

155 

375 

295 

325 

340 

360 

133 

:i 

180 

190 

200 

210 

240 

250 

i75 

300 

315 

340 

132 

^P 

180 

190 

200 

225 

240 

260 

2fiS 

300 

320 

132 

S 

165 

170 

180 

190 

210 

230 

245 

270 

280 

300 

130 

i 

Ij 

IJl 

145 

150 

160 

170 

190 

200 

230 

240 

360 

130 

Thldmea.          72 

66 

60 

54 

50 

48 

41 

36 

30 

14 

Dun. 

i 

350 

350 

380 

400 

400 

430 

400 

400 

380 

380 

110 

^ 

380 

400 

450 

460 

460 

soo 

450 

450 

400 

400 

I30 

1 

490 

500 

l^ 

540 

is 

l^ 

500 

500 

480 

480 

126 

if 

5K> 

560 

560 

550 

550 

530 

530 

131 

\ 

5J5 

S6o 

S6o 

SOo 

560 

560 

550 

550 

530 

530 

«3» 

A 

5»; 

560 

560 

560 

560 

S6o 

550 

550 

530 

530 

132 

520 

560 

560 

560 

560 

560 

560 

560 

530 

500 

134 

I 

500 

530 

540 

540 

560 

5fo 

560 

540 

530 

SOO 

134 

490 

Soo 

540 

540 

560 

560 

560 

540 

530 

500 

134 

1 

480 

500 

520 

540 

S40 

540 

560 

540 

530 

480 

>34 

480 

500" 

520- 

520 

520 

530 

530 

530 

500 

480 

134 

460 

480 

500 

520 

520 

1 20 

500 

480 

470 

4fio 

>34 

410 

450 

470 

480 

4«o 

500 

4«0 

480 

470 

450 

133 

380 

400 

420 

430 

430 

450 

460 

460 

450 

440 

132 

360 

5fio 

400 

420 

430 

440 

440 

420 

420 

420 

t32 

340 

360 

3R0 

400 

420 

430 

400 

3R0 

380 

360 

132 

320 

340 

360 

380 

400 

400 

360 

350 

350 

320 

"30 

A 

280 

300 

330 

340 

350 

310 

300 

300 

250 

200 

130 

riatcA  i8"  wide  and  vmdcr  ran  also  be  rnllcd  on  Universal  MilU. 

For  greater  length  and  Univer«al  Mill  Sizes,  sec  Universal  Mill  P 

late  Table  V. 

Plates  of   greater  dimensions   than  shown  in  above  tables  ma^ 

/  be  submitte 

d    for  Bpeci 

Connderation. 

1 

J 
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TABLE  IV. 
Maximum  Sizes  of  Rbctangular  and  Circular  Platbs;  Carnegie  Stbel  Co. 
Sheared  Plates,  Three-Sixteenths  Inch  and  Under. 


Thickness.  Inches, 
B.  W.  G. 

Widths  and  Lengths  In  Inches 

Diuiu.hK:het. 

74 

72 

70 

68 

66 

64 

62 

60 

58 

No^8 
No.  9 
No.  10 

No.  II 
No.  12 

200 

220 

200 

240 
210 
160 

250 
210 
170 

140 

270 
220 
180 
160 
140 
140 
120 

290 
240 
200 
170 
ISO 
ISO 
130 

310 

250 
200 
170 

ISO 

ISO 
130 

320 
260 
220 
190 
160 
160 
140 

330 

270 

230 

200 

170. 

170 

ISO 

77 
74 
70 
68 
66 
66 
64 



Thickness. 

S6 

54 

52 

50 

48 

42 

36 

30 

24 

Diam. 

A 

No.  8 
No.  9 
No.  10 

No.  II 
No.  12 

340 
270 
230 
220 
180 
180 
160 

350 
280 
240 
220 
190 

160 

360 
280 
240 
230 
190 
190 
170 

370 
290 
250 
230 
"95 

176 

360 
290 
250 
230 
195 

180 

360 
290 

2SO 
230 
200 
200 
180 

360 
290 

2S0 
230 
200 
200 

iSo 

360 
290 
250 
230 
200 
200 
180 

360 
290 
250 
230 
200 
200 
180 

77 
74 
70 
68 
66 
66 
64 

TABLE  V. 
Maximum  Sizes  op  Rectangular  Universal  Plates;  Carmbgib  Steel  Co. 


Universal 

Mill  Plates 

1,  One-Fourth  Inch  ane 

»  Over. 

Thick- 
ness. 

Inches. 

Widths  and  Lengths  in  Inches. 

48-46 

45-41 

40-36 

35-31 

30-26 

2S-20 

19-17 

16-1S 

14-12 

II 

io-6t 

jv 

780 
840 

780 
840 

780 
840 

780 
840 

^ 

S40 
600 

600 

600 

600 

660 

720 

840 

840 

960 

1 140 

1 140 

1 140 

1080 

1080 

1080 

900 

840 

t 

960 

960 

960 

1 140 

1 140 

1200 

1080 

1080 

1080 

900 

840 

960 

960 

1080 

1200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

A 

960 

960 

1080 

I200 

1200 

1200 

1080 

1080 

1080 

1020 

840 

960 

960 

1020 

1200 

1200 

1200 

IC20 

1080 

1080 

1020 

840 

840 

840 

960 

1080 

1080 

1080 

1020 

1020 

1020 

900 

840 

■ 

780 

840 

840 

960 

960 

q6o 

960 

960 

q6o 

900 

840 

I 

720 

720 

720 

840 

840 

840 

900 

960 

960 

900 

840 

1} 

600 

600 

660 

708 

720 

780 

780 

900 

900 

840 

840  L 

ij 

540 

540 

600 

660 

660 

660 

720 

840 

840 

840 

840  % 

l| 

480 

128 

540 

600 

600 

600 

660 

780 

840 

840 

840  ^ 

l| 

480 

504 

528 

540 

540 

540 

6co 

720 

780 

840 

840     1 

If 

480 

480 

4R0 

480 

480 

480 

540 

660 

720 

840 

840     I 

If 

420 

420 

432 

420 

420 

420 

480 

600 

660 

720 

720     / 

li 

420 

420 

432 

420 

420 

420 

480 

540 

600 

660 

720     / 

2 

420 

420 

420 

408 

40K 

408 

420 

480 

540 

600 

720     1 

Plates  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted   for  special 
consideration. 
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TABLE  VI. 
Maximitm  Sues  of  Universal  Plates;  Illinois  Steel  Co. 


Tikknem, 
larho. 

Widthof  Plate  in  Inches. 

6 

7 

8 

9 

10  to  30 

J 

960 

960 

960 

960 

960 

A 

960 

960 

960 

960 

960 

1 

960 

y6o 

960 

960 

960 

1^ 

960 

960 

960 

960 

9^« 

960 

960 

960 

960 

960 

11 

960 

960 

960 

960 

960 

960 

960 

960 

960 

960 

H 

810 

960 

960 

960 

960 

750 

930 

960 

960 

960 

H 

690 

R6r> 

960 

960 

960 

1. 

640 

800 

910 

960 

960 

600 

740 

850 

960 

960 

I 

560 

700 

Roo 

9cx> 

960 

^A 

S30 

6ty> 

750 

850 

yot> 

A 

500 

6ao 

710 

Roo 

850 

'f" 

470 

590 

670 

760 

810 

i\ 

450 

560 

640 

720 

770 

*A 

420 

530 

Cio 

680 

730 

>l 

400 

510 

580 

650 

690 

iiV 

390 

490 

560 

620 

660 

ii 

370 

470 

530 

600 

640 

'f* 

360 

4S0 

510 

S70 

610 

il 

340 

430 

490 

550 

S90 

M* 

330 

410 

470 

530 

570 

»J 

310 

400 

460 

5x0 

550. 

'H 

310 

390 

440 

490 

530 

li 

300 

370 

430 

480 

S»o 

III 

290 

360 

410 

460 

490 

2 

280 

350 

400 

450 

4H0 

All  pbtcftboth  sheared  add  Universal  Mill  rolled  by  Illinois  Steel  Co.,  can  exceed  above  lengths 
by  I  ft     H  longer  lengths  are  necessary  take  up  with  the  mill. 

K  Design  Drawings  for  Steel  Structures. 

"  Drawings. — Designs  shall  be  made  on  standanl  sized  sheets.     A  scale  of  |  in.  to  I  ft.  shall 

br  a  minimum,  a  larger  scale  being  used  if  practicable.     Give  such  distances  on  Ix^th  plan  and 
crow-wciion  that  the  dimensions  of  cither  can  be  understood  without  reference  to  the  other, 

^^^H  Designs  of  Mill  Buildings. 

^^^RAftds. — All  roof  loads,  snow  loads,  wind  loads,  floor  loads,  wheel  loads  and  sparing  for 

Hknuies,  and  in  case  of  bins,  the  weight  per  cubic  foot  and  (he  angle  of  repose  of  the  material  shall 

Htppear  on  thr  design  drawings. 

V        Diagrains. — Draw  as  many  sections  as  are  necessary  to  show  all  transverse  bents  and  trusses. 

^t  plan  of  lower  chord  bracing,  and  views  to  indicate  framing  and  side  views  when  necessary  to 
five  location  of  doors  and  windows.  When  a  sectional  virw  is  shown,  always  mark  the  location 
of  the  sections  on  the  plan.  When  two  buildings  frame  into  each  other  the  design  should  always 
indicate  the  framing  for  the  connections,  drawing  additional  sections  if  required. 
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Stresses. — The  stresses  in  all  niuinbcrs  of  transverse  bents,  trusses  and  latticed  and  plate 
girders,  anil  the  loads  »n  all  main  building  columns  shall  be  given  on  the  design  drawings.  Givt 
maximum  bending  moment  and  maximum  shear  in  all  crane  girders,  plate  girders,  and  6oorginlen 
and  columns.  Maximum  shear  and  bending  moment  shall  be  given  for  all  stringers  or  J-Beanu 
used  as  lloor  or  crane  girders. 

Notes. — Material  (whether  0.  11.  (open-hearth)  or  Bessemer,  soft,  medium  or  stnictunl 
steel);  specifications  (name  and  date;  size  of  rivets  and  holes,  reamed  or  punched  full  size). 

Angle  Members. — In  all  cases  where  two  unttiual  legged  angles  are  used  as  main  members* 
show  the  dircctinn  in  which  the  outstanding  legs  are  turned  by  giving  the  dimension  of  the  ]tg 
appearing  in  elevation,  or  by  exaggerating  the  longer  leg. 

TABLE  VU. 
Maxiuuh  Sizes  of  Sheared  Plates;  Illinois  Steel  Co, 


Thicknes. 
Inches. 

Width  ot  Plate  in  Inches. 

IZO 

J»5 

110 

100 

90 

80 

72 

60 

50 

40 

30 

DtSB. 

!* 

1 
■1 

240 

420 
600 
600 

600 

500 
450 
410 

380 

350 
330 
310 
2&0 

350 
150 
3 10 
190 

250 
320 

600 

600 
600 
580 
530 
480 

440 
410 

390 
3^ 
320 

290 

290 
240 

2  20 

280 

J30 
420 
600 
600 

600 
600 
600 
600 
570 

530 

460 

430 

390 

350 
290 
290 
260 

360 
420 
480 
600 
600 

600 
600 
600 
600 
600 

600 
600 
S8o 
540 
480 

360 
330 

i6o    1: 

156 

200 
220 
220 

220 
220 
220 

2ZO 
220 

220 
220 
210 
200 
180 

160 
160 
130 
120 

200 
350 
300 
360 

'S 
360 

360 
JOO 

260 

250 
230 

220 

190 

I  So 

iRo 
J40 
130 

200 
250 
360 
+So 

4S0 
430 
400 

350 
320 

300 
280 
260 

240 
220 

100 
200 
160 
140 

240 
420 
Soo 
500 

540 
4«o 

430 
400 
360 

330 
310 

300 
270 
240 

320 
220 

180 
160 

420 

480 

600 
600 

600 
600 
600 
600 
600 

600 
600 
600 
600 
600 

580 
480 

4^0 
440 

i»5 

130 

»6 
1:6 

126 
126 
126 
12ft 

126  \ 

126 
1:6 
126  \ 
124 

112 

113 

120 

lie 

'44 
|8o 
i8o 

iSo 

i8o 

iRo 
I  So 
i8o 

i8o 
iSo 
i8o 
l8o 
i6o 

144 
*44 

156 

200 
210 

310 
210 
210 

210 
210 

210 
210 

200 
190 
170 

150 
150 

125 

"> 

Sections. — Give  sections  of  all  members  used  in  the  structure.  WTienever  two  or  more 
columns  or  other  members  in  different  locations  ha>-e  the  same  section,  «thcr  note  it,  or  mark  the 
section  on  each  one.     For  a  column  of  special  make-up  show  a  cross  section. 

Dimensions. — The  following  dimensions  should  be  given:  (l)  Height  of  lou'er  chord  of 
trusses  from  floor  level;  (2)  elevation  of  top  of  crane  rail  with  clearance;  (j)  distance  c  to  c.  of 
crane  rail  with  clearance;  (4)  distance  b.  to  b.  of  angles  of  all  main  columns;  (5)  pitch  of  trusses 
or  height  of  same  at  heel  and  slope  of  upper  chord:  (6]  width  and  height  of  ventilator;  (7)  length 
^f  bays;  (8)  distance  c.  to  c.  of  building  columns;  (9)  location  and  size  of  stacks;  (10)  location  and 
•ize  of  openings  and  circular  ventilators;  (11)  thickness  of  all  walls,  and  relation  to  center  line 
of  columns. 

Windows. — Give  size  and  number  of  lights  and  height  of  windows.  Show  location  of  all 
windows.  State  whether  pivoted,  sliding,  counter-balanced  or  fixed,  and  whether  continuous. 
State  kind  of  glass. 

Doors. — Give  dimensions  (width  by  height)  and  state  whether  wood  or  steel,  swinging, 
lifting,  rolling  or  sliding.     Stale  style  of  track,  hangers  and  latch. 
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Lourres. — Note  depth  oq  design,  and  whether  wood  or  metal,  fixed  or  pivoted.  If  metal 
Kive  gage  and  kind  of  same. 

Corrugated  Steel. — Give  gage  and  kind  of  all  corrugated  sheeting,  painted  or  galvanized; 
method  of  fastening,  lining,  etc. 

Gutters  and  Conductoni. — Show  gutters,  conductors  and  downspouts  where  necessary  and 
give  size  and  kind  and  thickness  tif  metal,  methods  of  fastening,  etc. 

Circular  Ventilators. — Show  location  on  design  and  note  size  and  kind. 

Hoofing. — Give  kiml  of  roofing  material,  and  thickness  of  sheathing  when  used. 

Notes. — Note  on  design  the  section  of:  (a)  Purlins  and  form  where  trussed;  (b)  girts;  (c)  sag 
rods;  (d)  lateral  bracing;  (c)  end  columns;  (f)  window  posts;  (g)  door  posts. 

Connections. — In  making  a  design  Ix;  sure  that  all  clearances  and  connections  with  adjoining 
structures  are  properly  provided  for  and  that  all  dimensions  necessary  for  detailing  of  same  are 
given  on  the  design. 

Designs  of  Plate  Girder  Bridges. 

Losds. — Give  assumed  dead,  live  and  wind  loads,  and  show  diagram  of  wheel  loads. 
Diagram  and  Views. — Show  an  elevation  of  girder  with  stifTeners,  a  plan  with  lateral  bracing, 
and  a  half  end  view  and  a  half  intermediate  section. 

Stresses. — Give  maximum  bending  moments  and  maximum  shears,  maximum  stresses, 
required  and  actual  net  area  of  flanges,  noting  number  of  rivets  deducted,  and  required  net  and 
mctual  gri:>sa  areas  of  webs. 

Dimensions. — The  following  dimensions  should  appear  on  all  plate  girder  designs.  Distance 
tx  to  b.  of  end  angles,  or  distance  out  to  out  of  ginlers,  c.  to  c.  of  iioarings,  back  wall  to  back  wall, 
oc  c  to  c.  of  piers,  b.  to  b.  of  flange  angles,  s[xicing  of  girders  and  track  strinKfrs,  base  of  rail  to 
m&sonry,  end  of  steel  to  face  of  back  wall,  angle  of  skew  if  any,  and  grade  of  base  of  rail. 

For  girder  bridges  on  curves  give  the  cur\'aturc  and  super-elevation  of  outer  rail  and  distance 
from  top  of  masonry  to  ba.sc  of  low  rail.  Give  elevation  of  grade  and  of  masonry  on  a  vertical 
line  through  center  of  end  bearing. 

Rivet  Spacing. — Note  on  the  elevation  of  girders  the  spacing  of  rivets  connecrting  6angc 
^Uigles  to  web,  changing  spacing  at  stiffcner  points.  Give  number  of  rivets  in  single  shear  for  end 
^xmncctions  of  all  laterals  and  cross  frames. 

Shoes  and  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonr>'  plate, 
nrith  allowable  pressure  on  masonry.     Note  size  of  bed  plate,  and  show  in  position  with  location 
<if  holes  for  anchor  bolts.     Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Expansion  Points. — Mark  fixed  and  expansion  points  and  show  whether  pedestals  or  bearing 
pitted  are  to  be  used. 

Bliffenera. — Show  end  and  intermediate  stiffeners  on  elevation  of  girder,  giving  sections  and 
Rating  whether  fillers  are  used,  or  stiffeners  crimped. 

Super- elevation. — If  the  bridge  be  on  a  curve,  show  how  the  super-elevation  of  the  outer 

'ail  is  to  be  cared  for,  whether  by  tapering  tics,  or  changing  height  of  pedestal  or  masonry  plate. 

Track. — Show  track  in  place,  noting  such  information  as  dze  and  notching  of  tics  and  guard 

'ioibers  and  manner  of  connecting  limber  deck  to  the  girder.     For  through  girder  always  show 

^fearance  diagram  with  dimensions. 

Notes.— (a)  Material  (whether  O.  H.  (open-hearth)  or  Bessemer,  soft,  medium  or  structural 
•*«d);  (b)  specifications  (name  and  date);  (c)  size  of  rivets  and  holes,  reamed  or  punched  full  size. 


Designs  of  Truss  Bridges. 

Loads. — Always  give  the  following  assumed  loads  on  the  stress  sheets. 

Dead  Loads.— (a)  Weight  of  track  in  lb.  per  lin.  ft.  of  track;  (b)  weight  of  trusses  and  bracing 
^r  tin,  ft.  of  bridge;  (c)  weight  of  stringer  and  stringer  bracing  per  lin,  ft.  of  bridge;  (d)  weight 
^  lloorbcams  per  lin.  ft.  of  bridge. 


'URAL  DRAFTING. 
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Live  Load. — (Diagram  of  wheel  loads.) 

Wind  Load. 

Diagrams. — In  general,  the  design  shall  show  an  elevation  of  the  truss,  plan  of  top  Ulcral 
bracing,  plan  nf  bottom  lateral  bracing  and  stringer  bracing,  half  end  view  showing  portal,  half 
Intermediate  view,  or  as  many  intermediate  views  as  are  necessary  to  show  intermediate  swiy 
frames.  The  end  view  shall  show  track  in  place  with  information  similar  to  that  for  plate  girder*. 
The  design  of  a  pin-connected  bridge  shall  show  the  sizes  of  pins  and  the  arrangement  of  the 
members  at  all  panel  points. 

Stresses. ^7>i\x  the  stresses  in  all  members  of  trusses  as  follows:   D.  L.  (Dead  Load);  L,  L 
(Live  Load);  I.  (Impact);  C.  (Curvature);  \V.  (Wind  Stresses).     Also  total  stresses. 

Always  use  the  minus  sign  for  tensile  stress  and  the  plus  sign  for  compressive  stresa.  Compute 
and  give  traction  stresses  for  viaduct  towers. 

For  stringers  and  floorbeams  give  the  bending  moment  and  shear  and  stresses  in  the  same 
manner  as  for  plate  girders. 

General  Dimensions. — The  most  important  dimensions  are,  number  of  panels  and  length, 
depth  of  truss  at  every  jjancl  ix>int  if  upjXT  chord  is  curved,  distance  c.  to  c.  of  trusses,  distance 
base  of  rail  to  masonry,  distance  center  of  end  pin  to  masonry,  distance  c.  to  c  of  end  pins  and 
face  to  face  of  masonry,  or  c.  to  c.  of  piers.  If  the  bridge  be  on  a  curve,  give  the  degn^e  and  show 
direction  of  curvature,  the  distance  of  base  of  low  rail  to  masonrj',  and  the  super-ek'\'ation  of 
outer  rail.  Note  that  greater  clearances  are  required  on  curves.  Show  the  clearance  line  and  line 
of  base  of  rail  in  the  elevation  of  truss. 

Compression  Members. — Give  the  actual  unit  stress,  the  allowable  unit  stress,  radius  of 
gyration,  moment  of  inertia,  actual  and  required  area,  eccentricity  and  cross-section. 

TeosioQ  Members. — Give  allowable  and  actual  stresses,  the  required  and  actual  net  area. 
For  built  sections  give  number  of  holes  deducted  for  rivets  in  obtaining  net  area,  and  radius  of 
gyration. 

Sections. — Give  section  of  every  member  and  thickness  of  all  gusset  plates.  Always  give 
aze  of  lacing  bars,  and  state  whether  single  or  double  lacing  is  required. 

Built  Sections. — On  all  built  sections  give  depth  of  section,  and  in  using  plate  and  angle 
sections,  make  the  web  J  in.  less  in  width  than  the  depth  of  section. 

Angles  with  Unequal  Legs. — In  any  memlx^r  composed  of  one  or  more  angles  with  unequal 
legs,  show  clearly  the  direction  in  which  the  long  or  short  leg  is  turned. 

Rivets. — Note  the  number  of  rivets  to  be  used  for  end  connections  of  all  members,  and  give 
the  number  of  rivets  in  single  shear  required  at  end  connection  of  track  stringers. 

Shoes  or  Pedestals. — Give  maximum  reaction,  required  and  actual  area  of  masonry  plate. 
with  allowable  pressure  on  masonry.  Note  size  of  hod  plate,  and  show  in  position  with  location 
of  holes  for  anchor  bolts.  Note  size  and  number  of  rollers  for  expansion  pedestal,  and  also  whether 
pedestal  is  built,  cast  iron  or  steel. 

Camber, — The  amount  of  camber  should  be  shown  on  the  design. 

ITotes. — ^Samc  as  for  Plate  Girders. 


CHAPTER  XIII. 
Estimates  of  Structural  Steel. 


GENERAL  IITSTRUCTIONS.— When  an  estimate  of  the  structural  steel  in  a  structi 
is  to  be  made  the  man  in  charge  shall  immediately  examine  all  of  the  data  furnished  to  see  th* 
lie  ha«  sufficient  information  to  make  a  Ralisfac-tory  estimate.  He  shall  fiU  out  the  data  she< 
completely,  and  then  take  ofT  the  quantities.  Use  only  the  standard  estimate  blanks  for  tal 
off  material.     The  author  has  found  the  estimate  blank  below  very  satisfactory. 
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Numlier  each  page  consecutively,  and  when  all  the  quantities  are  totaled  prepare  a  summa^ 
on  the  last  page.  Each  sheet  shall  have  the  sheet  number  and  also  the  total  number  of  she^ 
in  the  estimate,  for  example  9  of  20.  This  will  prevent  the  loss  of  a  page.  After  the  estimate! 
completely  taken  off  another  man  shall  check  it.  When  checked  the  estimate  shall  be  cxtcndii 
by  the  checker,  each  sheet  being  immerlintcly  totaled  up  as  extended.  The  extensions  shall  thtf 
be  checked  by  the  original  estimator,  whn  also  prepares  a  summary.  The  summary'  is  tht 
checked  by  the  checker  and  the  estimate  is  complete.  t 

The  estimate  should  Ik^  practically  a  condenwd  bill  of  material  of  the  work,  and  should  ^ 
•O  dearly  made  that  a  reference  to  the  estimate  wdl  show  at  a  glance  the  weight  of  all  the  princip< 
pirccft.  Main  and  secondary  trusses,  main  columns,  girders,  crane  giiders,  etc,  for  building! 
and  truMCs,  girders,  floorbeams,  etc.,  for  bridges  should  be  taken  off  separately,  thus— I  trus 
6  n^quired — and  shall  not  be  mixed  together  even  though  the  correct  weight  is  obtained.  1 
making  an  estimate  the  following  order  will  be  found  convenient. 

I.  MILL  Buildings. — Trusses. — Top  chords,  lower  chonls.  web  memlx-rs,  purlin  lug 
piMet  plates,  connection  plates,  splice  plates,  cave  strut  connections,  knee  braces  and  Icnl 
brace  connections. 

Ventilator  Trusses.— Rafteni,  posts,  web  members,  gusset  plates,  connections  to  trusses  an 
puHin  lugs. 
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Columns. — Column  angles,  web  plate,  base  plate  and  angles,  crane  scat  and  cap.  Base  in- 
cludes anchor  bolts. 

Crane  Girders. — Flange  angles,  web  plate,  cover  plates,  end  stiffcners,  intermediate  stiffencr*. 
fillers,  kneo  braces  and  knee  brace  connections.     Kails,  splice  bars,  clips  and  crane  stops. 

Miscellaneous. — Eavc  struts,  lattice  girders,  purHns,  girts,  ridge  struts,  Itjwer  chord  strati, 
column  struts,  rafter  bracing,  lower  chord  diagonals,  reinforcing  angles  for  purlins  used  as  rafter 
struts,  ami  sag  rods. 

Miscellaneous  Materials  Not  Structural  Steel. — Corrugated  steel  roofing  and  siding,  louvres, 
flashing  ami  ritlge  roll,  gutltTs,  conductors,  downspouts,  ventilators,  stack  collars.  Windows, 
doors,  skylights,  opcniting  device,  lumber,  roofing,  brick  and  concrete. 

2.  OFFICE  BUILDINGS. — FUwrl^cams,  girders,  including  all  their  connections  not  ri\'eltd 
to  other  members.  Floors  should  be  estimated  separately  using  a  multiplier  if  two  or  more  arc 
exactly  alike. 

Colunuis. — Columns  inclmling  splices  and  connections  riveted  to  the  columns.  If  columns 
are  of  Bethlehem  "H"  sections,  it  should  be  so  noted  on  the  estimate  summary.  Estimate  columns 
in  tiers. 

Miscellaneous,  such  as  suspended  ceilings,  galleries,  penthouses,  lintels,  curb-anglea,  canopies, 
etc 

3.  TRUSS  BRIDGES.— Truss  members  should  be  taken  off  se|>aratcly  in  order  that  the 
estimate  will  show  at  a  glance  the  weight  of  any  main  member.  Never  write  off  material  for 
the  trusses  thus,  "J — Truss — 4  Rcq*d." 

Stringers;  floorbearas;  portals;  sway  trusses;  upper  laterals;  lower  laterals:  shoes,  maMjnry 
plates,  anchor  bolts,  etc. 

A  convenient  order  can  easily  be  arranged  for  other  structures. 

INSTRUCTIONS  FOR  TAKING  OFF  MATERIAL.— Quantity  estimates  shall  give  the 
shipping  weights,  nut  shipping  weights  plus  scrap.  Pin  plates,  gusset  plates,  etc.,  shall  be  taken 
off  as  equivalent  rectangular  plates.  Large  irregular  plates  or  small  irregular  plates  which  occur 
in  larger  numbers  shall  have  the  exact  sizes  shown  in  the  estimate  and  should  have  their  weights 
accurately  calculated.     All  quantity  estimates  shall  be  made  out  with  black  drawing  ink. 

The  following  colored  pencils  shall  be  used  in  estimating: 

Black. — In  taking  off  quantities,  all  check  marks  on  drawings  or  blue  prints  shall  be  made 
with  a  black  pencil. 

Red. — In  checking  "quantities  taken  off"  all  check  marks  on  drawings,  blue  prints  and 
data  sheets  shall  be  made  with  a  red  pencil. 

Blue. — Blue  pencils  shall  be  used  fur  checking  extensions,  also  for  making  notes,  corrections, 
alterations  or  additions  on  white  prints  or  tracings. 

Ydlow.—W\  alterations,  corrections  or  additions,  on  blue  prints  at  the  time  of  estimating 
shall  be  made  with  a  yellow  pencil. 

All  notes  on  blue  prints  or  drawings  in  regard  to  alterations,  corrections  or  additions  shall  be 
dated  and  Aligned  by  the  {x^rson  in  charge  of  the  estimate.  In  general  all  work  shall  be  taken  off 
in  feet  and  inches.     Lengths  of  bolts  shall  be  given  in  feet  and  inches, 

CLASSIFICATION  OF  MATERIAL.— In  making  the  summary  rtcci  and  iron  should  be 
cLissificd  as  follows: 

Bars^  including  plates  6  in.  wide  and  under,  rounds  up  to  3  in.  in  diameter  and  squares  up 
to  3  in.  on  a  side. 

Plates  (a)  Flats  over  6  in.  wide  up  to  and  including  100  in.,  and  \  in.  thick  and  over. 
{b)   Flats  over  100  in.  wide  up  to  and  including  no  in. 
(c)   Flats  over  1 10  in.  wide  up  to  and  including  1 15  in. 
{d)  Flats  over  115  in.  wide  up  to  and  including  120  in. 
(c)   Flats  over  120  in. 
(/)   Plates  A  in-  thick. 
is)  Plates  i  in.  thick. 


CLASSTFICATION  OF  MATERIAL. 


(k)  Plates  checkered. 
(«)    Plates  buckle. 

^MjZu  (a)  Having  both  legs  6  ia.  wide  or  under. 

{b)  HaWng  cither  leg  more  than  6  in.  in  width, 
(c)    Having;  both  legs  less  than  3  in.  in  width. 

Channels  and  I-  Beams 

(a)  Channels  and  beams  up  to  and  including  15  in.  in  depth. 
ib)  Over  15  in.  in  depth. 

If   Bethlehem  sections  arc  used   distinguish   between  "Bethlehem 
"Girder  Beams/*  and  also  regarding  depths  as  above. 

Zees. 

Tees. 

Rails  (Separate  rails  under  50  tb.  per  yd.,  rails  over  100  lb.  per  yd.»  and  girder  rails) 

Rail  Splices, 

Iron  Castings. 

Steel  Castings. 

Nuts. 

Clevises  and  Tumbuckles, 

Pins,  rounds  from  5  in.  diameter  to  6}  in.  in  diameter. 

Foriings,  rounds  over  61  in.  in  diameter. 

Bronxe,  Lead,  etc 

Rivets  and  Bolts. 

Riret  Heads. — Where  the  estimate  is  made  from  shop  drawings  the  actual  number  of  rivet 
beads  shall  be  determined.  The  weight  of  rivet  heads  in  per  cent  of  the  total  weight  of  the  other 
material  i»  about  as  follows:  Purlins,  girts  and  beams,  2  per  cent;  trusses  and  bracing,  4  per  cent; 
plate  girders  and  columns  of  4  angles  and  i  pi,,  5  per  cent;  plate  girders  and  columns  with  cover 
pbtes,  6  per  cent;  box  girders  or  channel  columns  with  lacing,  7  per  cent;  trough  floors,  8  to  10 
per  cent. 

The  rivet  heads  in  highway  bridges  may  be  taken  at  5  and  4  per  cent  of  the  total  weight 
ol  steel  exclusive  of  fence  and  joists  for  riveted  and  pin-connected  trusses,  respectively. 

Bolts  arc  usually  taken  off  in  the  estimate  when  they  occur,  and  entcrvd  as  rivets.  When 
bolts  arc  under  6  in.  in  length,  include  bolts  under  the  item  "Bolts  and  Rivets."  When  over 
6  in.  in  length,  put  the  bolts  under  "  Bars." 

Uiaceilaneous  Materials. —  Corrugated  Steel. — Always  give  the  number  of  gage,  whether 
painted  or  galvanized,  and  whether  iron  or  steel.  This  remark  also  applies  to  louvres,  flashing, 
ridge  roll,  gutters  and  conductors.  State  whether  corrugated  steel  is  for  roofing  or  aiding.  Roofing 
shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  three  feet  on  each  end  of  building  to  the  distance 
c  toe.  of  end  trusses  to  allow  for  cornice.  Allow  one  foot  overhang  at  eaves.  Siding  shall  bo  esti- 
mated to  fquares  of  100  sq.  ft.,  adding  one  foot  at  each  end  of  building  to  allow  for  corner  laps. 

Louvres  shall  be  estimated  in  sq.  ft.  of  superficial  area,  stating  whether  fixed  or  pivoted. 

Flashing  shall  be  estimated  in  lineal  feet  and  shall  be  taken  off  over  all  windows  where  corru- 
gated sheathing  is  used  on  the  sides  of  building,  and  under  all  louvres  and  windows  in  ventilators. 

Ridge  roll  shall  be  estimated  in  lineal  feet,  adding  one  foot  to  the  distance  center  to  center 
of  end  trusses.     Ridge  roll  is  usually  taken  off  the  same  gage  as  the  corrugated  steel  roofing. 

Gutters  and  conductors  shall  be  estimated  in  lineal  feet,  the  conductor*  usually  being  spaced 
from  40  to  50  ft.,  depending  upon  the  area  drained. 

Circular  ventilators  shall  be  estimated  by  number,  giving  diameter  and  kind,  if  specified. 

Stack  collars  shall  be  estimated  by  number,  giving  diameter  of  stack. 

Windows  shall  be  e*timatcd  in  sq.  ft.  of  superficial  area,  taking  for  the  width  the  distance 
between  girts.  State  whether  windows  are  fixed,  sliding,  pivoted,  counter-balanced  or  counter- 
weighted.  State  kind  and  thickness  of  glass  and  give  list  of  hardware,  and  any  thing  else  of  a 
•pedal  nature. 
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D<x)rs  shall  be  estimated  in  sq.  ft.;  state  whether  sliding,  lifting,  rolling  or  .swinging.  Steel 
doors  covered  with  corrugated  steel  shall  be  estimated  by  including  the  steel  fraroc  under  steel 
and  the  covering  with  corrugated  steel  siding.     State  style  of  track,  hangers  and  latch. 

Skylights  shall  be  estimated  in  sq.  ft.,  giving  kind  of  glass  and  frames. 

Operating  devices  for  pivoted  windows  or  louvres  shall  be  estimated  in  lineal  feet. 

Lumber  shall  be  estimated  in  feet,  board  measure,  noting  kind.  Note  that  lumber  under 
I  in.  in  thickness  is  classified  as  i  in.  Above  I  in.  it  varies  by ^  in.  in  thickness,  and  if  surfaced 
will  be  I  in.  less  in  thickness,  i.  e..  i|  in.  sheathing  is  actually  l|  in.  thick,  but  shall  be  estimated 
as  I  i  in.  Lumber  comes  in  lengths  of  even  feet;  if  a  piece  lo  ft.-8  in.  or  1 1  ft.-o  in.  is  required,  a 
stick  13  ft.-o  in.  long  shall  be  estimated.  In  using  lumber  there  is  usually  considerable  waste  de- 
pending upon  the  purpose  for  which  it  is  intended.  In  estimating  tongue  and  grooved  sheathing 
10  to  20  per  cent  shall  be  added  for  tongues  and  grooves  and  from  5  to  lO  per  cent  for  waste, 
depending  upon  the  width  of  boards  and  Iiow  the  sheathing  is  laid. 

Composition  roofing  or  slate  shall  Ix:  estimated  in  squares  of  lOO  aq.  ft.,  allo«'ing  the  proper 
amount  for  overhang  at  eaves  and  gables  and  for  flashing  up  under  a  ventilator  or  on  the  inside 
of  a  parapet  wall. 

Tile  roofing  or  slate  shall  be  estimated  in  squares  of  100  sq.  ft.,  adding  5  per  cent  for  waste. 
Include  in  an  estimate  fur  tile  ruof,  gutters,  coping,  ridge  roll,  plates  over  ventilator  window's  and 
plates  under  ventilator  windows,  these  l>cing  estimated  in  lineal  feet.  Flat  plates  for  the  ends 
of  ventilators  shall  be  estimated  in  sq.  ft. 

Brick  shall  \)C  estimated  by  numLxfr.  For  ordinary  brick  such  as  is  used  in  mill  building 
construction,  estimate  7  brick  per  sq.  ft.  for  each  bnck  in  thickness  of  wall,  i.  e.,  a  9  in.  \^*all  is  two 
bricks  thick  and  contains  14  brick  for  each  sq.  ft.  of  superficial  area. 

Always  note  whether  walls  arc  pilastcrcd  or  corbeled  and  estimate  the  additional  amount  of 
brick  required.  If  walls  are  plain,  no  percentage  need  be  added  for  waste,  but  if  openings  such 
as  arched  windows  occur  add  from  5  to  10  per  cent. 

Concrete  shall  be  estimated  in  cubic  yards.  Walts  or  ceiling  of  plaster  on  expanded  metal 
shall  be  e4*timated  in  scjuares  of  !00  sq.  ft.,  noting  thickness  and  kind  of  reinforcement.  Rein- 
forced concrete  ncM>rs  shall  be  estimated  in  sq.  ft.  of  floor  area,  noting  thickness  and  kind  of  rein- 
forcement. Paving  of  all  lands  is  estimated  in  square  yards,  but  the  concrete  filling  under  the 
pavement  itself  is  estimated  in  cubic  yards.  Concrete  floor  on  cinder  filling  is  usually  csitmaicd 
in  square  yards,  specifying  its  proportions. 

ESTIMATE  OP  COST.— The  different  types  of  framed  steel  structures  \-ary  so  much  with 
local  conditions  and  requirements  that  it  is  only  possible  to  give  data  that  may  be  used  as  a  guide 
to  the  e.xperienced  estimator.  The  cost  of  steel  frame  structures  may  be  divided  into  (i)  cost  of 
material,  (2)  cost  of  fabrication,  (3)  cost  of  erection,  and  (4)  cost  of  transportation. 

I.  Cost  of  Material. — The  price  of  structural  steel  is  quoted  in  cents  per  pound  deli^-ered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained 
from  the  Engineering  News.  Iron  Age  or  other  technical  papers.  The  present  prices  (1914) 
f.  o.  b.  Pittsburgh,  Pa.,  arc  about  as  follows: 


TABLE  L 
PucBS  OF  Structohal  Steel  (1914)  F.  o.  B.  PrrTSBURGH,  Pa.,  IK  Cents  per  Potm©. 

Price  In  Ct*. 
Material.  per  Lb. 

I-beams,  18  in.  and  over I.55 

I-beams  and  channels,  3  in.  to  15  in I-45 

H-beams,  over  8  in , 1. 60 

Angles,  3  in.  to  6  in.  inclusive I.45 

Angles,  over  6  in 1 .50 

Zees,  3  in.  and  over X.45 

Angles,  channels,  and  zees,  under  3  in 1^0 
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Deck  beams  and  bulb  angles I.7S 

Checkered  and  corrugated  plates x.75  to  x.90 

Plates,  structural,  base X40 

Plates,  flange,  base I.50 

Corrugated  steel  No.  32,  painted 3.15 

Comicsted  ated  No.  22,  galvanized 5.00 

Seed  sheets  N06.  10  and  11,  black 1.90 

Steel  sheets  Nos.  10  and  n,  gaU'anizcd a.35 

Steel  sheets  No.  22,  black a.io 

Steel  sheets  No.  22.  galvanized a.95 

Bar  iron,  base 1.65 

Rivets 2.10 
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COST  OF  FABRICATION  OF  STRUCTURAL  STEEL.— The  cost  of  fabrication  of 
structural  steel  may  be  divided  into  (a)  cost  of  drafting,  (b)  cost  of  mill  details,  and  (c)  cost  (A 
dK>p  labor. 

(a)  COST  OF  DRAFTING. — The  cost  of  drafting  varies  with  the  character  of  the  structure 
and  with  the  shop  methods  of  the  bridge  company.  There  are  two  general  methods  in  common 
use  for  detailing  steel  stnictures,  sketch  details,  and  complete  details  (see  Chapter  Xll).  The 
cost  of  drafting  varies  with  the  method  of  detailing  and  the  number  of  pieces  to  be  made  from 
one  detail,  and  costs  per  ton  may  mean  but  little  and  be  very-  misleading.  The  cost  per  standard 
iheet  (24  in.  X  36  in.)  is  more  nearly  a  constant  and  varies  from  $15  to  $25  per  sheet.  The 
following  approximate  costs,  based  on  a  total  average  charge  of  40  cents  per  hour  may  be  of  value. 

Mill  and  Bfine  Btiildings. — Details  of  ordinary  steel  mill  buildings  cost  from  (2  to  $4  per 
ton;  details  for  headworks  for  mines  cost  from  $4  to  $6  per  ton;  details  for  churches  and  court 
bouses  having  hips  and  valleys,  cost  from  $6  to  $S  per  ton;  details  for  circular  steel  bins  cost 
from  $1.50  to  $3  per  ton;  details  for  rectangular  steel  bins  cost  from  $2  to  $4  per  ton;  details  for 
corneal  or  hopper  Imttom  bins  cfKt  from  $4  to  $6  per  ton. 

Bridges. — Details  of  steel  bridges  will  cost  from  $i  to  $2  per  ton  where  sketch  details  are 
used  and  from  $J  to  $4  per  ton  where  the  members  arc  detailed  scp>arately. 

Actual  Cost  of  Drafting. — The  details  of  the  Basin  and  Bay  State  Smelter,  containing  270 
tooftr  cost  $2  per  ton. 

The  costs  of  making  shop  details  for  steel  structures  as  given  in  the  Technograph  No.  21, 
1907,  by  Mr.  Ralph  H.  Gage,  are  given  in  Table  II. 

TABLE  II. 
Cost  of  Shop  Drawings. 


Chafsc(«rof  BuUdlai. 


Entire  skeleton  construction,  i.  e.,  loads  all  carried  to  the  foundation  by  means 
of  ttccl  columDi 

Interior  portion  supported  on  steel  columns;  exterior  walls  carry  floor  k>ads 
and  their  own  weight 

Interior  portion  carried  on  cast  iron  columns;  exterior  walls  support  floor  loads 
u  well  as  their  own  weight 

No  columns  and  floorbeams  resting  on  masonry  walls  throughout 

Structure  connisting  mostly  of  root  trusses  resting  on  columns 

Structure  consisting  mostly  of  roof  trusses  resting  on  masonry  walla 

MiU  buildings 

Flat  one-story  shop  or  manufacturing  buildings 

Tippica,  mining  structures  or  other  complicated  structures 

Malt  or  grain  bins  and  hopprrs 


Remodeling  and  additions  where  measurements  are  necessary  before  details 
can  be  made 


Aw&gt  Cem.  per  Too. 


1. 21 

0.70 
0.85 
a.47 

2.56 
0.7* 
4.88 
2.47 

1.87 
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Mr.  Gage  makes  the  following  comments  on  the  cost  of  drafting:  "The  cost  of  drafting 
materials  and  blue  prints  was  not  included.  There  in  always  a  noticeable  decrease  in  cost  of 
the  details  when  the  plans  for  the  ironwork  arc  made  and  designed  by  an  engineer  and  separated 
from  the  general  work.  On  the  average  it  cost  35  per  cent  more  to  make  shop  drawings  of  the 
structural  steel  when  the  data  were  taken  from  the  architect's  plans  than  when  the  data  were 
taken  from  carefully  worked  out  engineer's  plans.  Inaccurate  plans  where  the  draftsman  is 
continually  finding  errors  which  must  be  referred  to  the  architect  niaterially  increase  the  cost  of 
shop  drawings  ■" 

(fr)  COST  OF  MILL  DETAILS.— If  material  is  ordered  directly  from  the  rolling  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  baaed  on  a  standard  "card  of 
mill  extras." 

CARD  OP  MILL  EXTRAS. — If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary 

to  have  the  subdivisions  a,  b,  c,  d.  e,  f,  r,  etc.,  as  follows: 

tt  =  o.  1  $cts.  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punching, 
one  size  of  hole  in  one  or  both  flanges. 

b  =  o.i^cts.  p€r  lb.  This  covers  plain  punching  one  si7e  of  hole  cither  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  l)c  of  same  size.) 

c  =  o.xocts.  perlb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching  of 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flange  and  another  sijw 
of  hole  in  the  other  flange. 

d  =»  o.^yts.  per  lb.  This  covers  coping,  ordinary  beveling,  riveting  or  bolting  of  connection 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  arc  held  together  by 
separators  only. 

e  —  0.40C/J.  per  lb.  This  covers  punching  of  one  size  of  hole  in  the  web  and  another  size  of 
hole  in  the  flanges. 

/  =«  0.15^^.  per  lb.     This  covers  cutting  to  length  with  less  vibration  than  ±  |  in. 

r  —  0.50C/J.  per  lb.  This  covers  beams  with  covlt  plates,  shilf  angles,  ami  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not  be 
included  in  beam  cfassi5cation. 

Fittings. — All  fittings,  whether  loose  or  attached,  such  as  angle  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  arc  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i.SS'Jts.  per  lb.  over  and  alxivethe  base  price.  The  extra  charge  for  painting  is  to  be  added 
to  the  price  for  fittings  also.  The  base  price  at  which  fittings  arc  figured  is  not  the  base  price  of 
the  beams  to  which  they  are  attached  but  is  in  all  r_ases  the  bast*  price  of  beams  15  in.  and  under. 

The  above  rates  will  not  include  painting,  or  oiling,  which  snould  be  charged  at  the  rate  of 
o.iocts.  per  lb.  far  one  coat,  over  and  above  the  base  price  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o-ljcts.  [kt  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  c  -|-  o.  iscts.,  four  sizes  of  holes;  e  +  o.iocts.  For  example: 
a  beam  with  i  in.  and  i  in.  holes  in  the  flanges  and  \  in.  and  \  in.  holes  in  the  web  should  be 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  indicated;  for  example:  Plain  punching  one  size  of  hole  in  either  web  and  one  flange, 
or  web  and  brjth  flanges,  and  cutting  to  length  would  be  marked  hj,  which  would  establish  a  total 
charge  of  o.40cts.  per  lb. 

Note  to  class  d. — No  extra  charge  can  be  added  to  this  class  for  punching  various  sizes  of 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  has  connection  angles 
riveted  or  bolted  to  it,  it  makes  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  extra  will  always  be  the  same,  namely  o..^5cts.  VMicn  beams  have  angles  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  figure  the  beams  as  class  d,  and  the  plates  and 
angles  as  beam  connections. 

SoU  to  class  r. — ^This  rate  of  o.socts.  per  lb.  applies  to  all  the  material  making  up  the  riveted 
beam.  In  case  of  assembled  ginlcrs  in  which  one  of  the  txrams  should  be  clas^  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  afTectrrl  as  included  in  class  "r."  W*hcn 
beams  have  angles  or  plates  riveted  to  them  and  same  arc  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  AMien 
18  in.,  20  in.,  or  24  in.  beams  are  in  "r**  class  keep  the  I's  separate  from  the  material  (places, 
cast  iron,  separators,  angles  and  rivets)  which  should  go  under  heading.  "  15  in.  I's  and  Under." 

Beams  should  be  divided  as  15  in.  I's  and  under,  and  18  in.,  20  in.  and  24  in.  Vs.  If  there 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sizes,  instead  of  "  15  in.  I's 
and  Under." 
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[n  estimating  channel  roof  purlins  classify  7  in.  channels  and  smalttT  as  one  punched;  8  in. 
channela  and  larger  as  two  punchctl,  unle^  they  are  shown  or  noted  otherwise,  and  keep  separate 
from  other  beams. 

No  cxtru  charge  can  be  added  to  curved  beams  for  riveting^  cutting  to  length,  etc. 

Subdividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  toti  many. 

The  only  subdivision  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  i  in. 
Columns  with  urnamt-nial  work  cast  on  must  be  kept  separate. 

Round  and  Square  Bars. — In  cstinucing  round  and  square  bars  use  the  standard  card  for 
extras.  Table  IIL  It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 
and  square  bars. 

Extras. — Shapes,  PlaUs  and  Bars: 
(Cutting  to  length) 

Under  3  ft.  to  2  ft.,  inclusive 0.25  ct.  per  lb. 

Under  2  ft.  to  I  ft.,  inclusive 0,50  ct.  per  lb. 

Under  1  ft 1.55  ct,  per  lb. 

Extras — PUUes  {Card  of  January  7,  1902): 

Baae  \  in.  thick,  100  in.  wide  and  under,  rectangular  (sec  sketches). 

Per  too  U>. 

Widths — 100  in.  to  no  in %  .05 

110  in.  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in 25 

125  in.  to  130  in. 50 

Over  130  in l.oo 

Gages  under  \  in.  tu  and  including  -^  in 10 

Gages  under  A  '"•  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No.  9 25 

Gages  under  No.  9  to  and  including  No.  10 30 

Gages  under  No.  10  to  and  including  No.  12 40 

Complete  circles 20 

Boiler  and  flange  steel 10 

Marine  and  fire  box 20 

Ordinary  sketches 10 

(Except  straight  taper  plates,  varying  not  more  than  4  in.  in  width  at  ends,  narrowest  end 
not  less  than  30  in.,  which  can  be  supplied  at  base  prices.) 


TABLE  rir. 

StANDAKD    CLASStFrCATION    OF    E.XTRAS  ON    IXOM   AND  StHEL    BaRS.* 

Rounds  and  Squares. 
Squares  up  to  4I  inches  only.     Intermediate  sizes  take  the  next  higher  extra. 

Per  100  Lb. 

J   to  3       in Rates. 

I  to  J4      •* ..4. $0.10 extra. 

I  to  A     ••  30    •; 

A  "  40    " 

I  ••  50    " 

•• 70    " 

ft     '• ■'•         i-oo  ' 

" 2.00  ■ 

"    . .  2.50  • 

3A  to  3k    '•  15  " 

*  Tliis  claasiAcation  has  been  quite  generally  adopted,  although  several  firms  issue  a  special 
of  extras. 
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TABLE  IIL— Continued, 

Standard  Classification  of  Extras  on  Iron  and  Steel  Bass. 

Flat  Bars  and  Heavy  Bands. 


in. 


Flat  Bars  and  Heavy  Bands, 


X  J  and    A 
lA  to  lA  in. 
1}    to  li 
if     to  2} 


.25  extra. 

-30 

-40 

.50 

.75 

1.00 

1.25 

Per  xooLb. 

Rates. 

$0.30  extra. 

.40 

.50 

-50 

.70 

.90 

1. 10 

I.OO 

1.20 

'SO 

.10 

.20 

■30 

.40 

Light  Bars  and  Bands. 

Per  zoo  Lb. 

In.  X  Nos.  7,  8,  9  and  ^  in ^.40  extra. 

in.  X  Nos.  10,  11,  12  and  i  in 60  " 

X  Nos.  7,  8,  9  and  A  in 50  " 

X  Nos.  10,  II,  12  and  i  in 70  " 

X  Nos.  7,  8,  9  and  ^  in 70  " 

Nos.  10,  II,  12  and  i  in 80  " 

Nos.  7,  8,  9  and  A  »n I.OO  " 

Nos.  10,  II,  12  and  i  in I.20  " 

Nos.  7,  8,  9  and  A  in 1.20  " 

Nos.  10,  II,  12  and  i  in 1.30  " 

Nos.  7,  8,  9  and  A  in 1.30  " 

X  Nos.  10,  II,  12  and  J  in 1.50  " 

X  Nos.  7,  8,  9  and  A  in 1.80  " 

X  Nos.  10.  II,  12  and  I  in 2.10  " 

X  Nos.  7,  8,  9  and  A  »n I.90  " 

X  Nos.  10,  II,  12  and  i  in 2.40  " 

Mill  Orders. — In  mill  orders  the  following  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  }  in.  shorter  than  the  figured  lengths 
this  will  allow  a  clearance  of  \  in.  if  all  beams  come  i  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance.  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  \  in.  for  each  milling  for 
memlx^rs  that  have  to  be  faced.  Order  web  plates  for  girders  J  to  }  in.  narrower  than  the  distance 
back  to  back  of  angk-s.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  except 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  mills  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  field 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higher 
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price.     Standard  connections  should  be  used  wherever  possible,  and  special  work  should  be 
avoided. — For  additional  notes  on  ordering  material,  see  Chapter  XII. 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
stnictural  shop  is  w-anted.  Th;;  cost  of  material  (.  o.  b.  the  shop  must  therefore  include  the  ciwt 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is  variable  but 
as  an  average  may  be  taken  at  4.  per  cent.  Haint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  plain  material  at  the  shop  would  be 

Average  cost  per  lb.  f .  o.  b.  mill,  say , 1 .75  cts. 

Add  4  per  cent  for  waste 07    " 

Add  $3.00  per  ton  for  paint  material 10    " 

Add  freight  from  mill  to  shop  (Pittsburg  to  St.  Louis) 225  " 

Total  cost  per  pound  f.  o.  b.  shop ^-HS" 

To  obtain  the  average  cost  of  steel  per  p>ound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percentage  that  this  kind  of  material  is  of  the  whole  weight,  the  sura  of  the  products  will 
be  the  average  poimd  price. 

(c)  COST  OF  SHOP  LABOR.— The  cost  of  shop  labor  may  be  calculated  for  the  diflferent 
parts  of  the  structure,  or  may  Ix.'  calculated  for  thf  structure  as  a  whole.  The  following  costs 
Afe  based  on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.  The 
cost  of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connectioa 
angles  loose  or  attached  should  he  estimated  on  the  basis  of  mill  details,  which  see. 

SHOP  COSTS  OF  STEEL  FRAME  BUILDINGS.— The  following  costs  of  diflferent  parts 
of  stet'l  frame  office  and  mill  structures  are  a  fair  average. 

Columns. — In  lots  of  at  least  six,  the  shop  cost  of  columns  is  about  as  follows:  Columns 
made  of  two  channels  and  two  plates,  or  two  channels  lacetl  cost  abtmt  0.80  to  0,70  cts.  per  lb., 
f»»r  columns  weighing  from  600  to  1,000  lb.  each;  columns  made  of  4  angles  laced  cost  from  0.80 
to  I.io  cts.  per  lb.;  columns  made  of  two  chaiinL'ls  and  one  I-beam,  or  three  channels  cost  from 
0.65  lo  0.90  cts.  per  lb.;  columns  made  of  single  I-beams,  or  single  angles  cost  about  0.50  cts.  per 
lb.;  and  Z-bar  columns  cost  from  0.70  to  0.90  cts.  per  lb. 

Plain  cast  columns  coat  from  1.50  to  0.75  cts.  pt^r  lb.,  for  columns  weighing  from  500  to  2,500 
lb.,  and  in  lots  of  at  least  six. 

Roof  Tni&ses-^In  lots  of  at  least  six,  the  shop  cost  of  ordinary  riveted  roof  trusses  in  which 
the  ends  of  the  members  arc  cut  off  at  right  angles  is  about  as  follows:  Trusses  weighing  1,000  lb. 
each,  I. IS  to  1.25  cts.  {x^r  lb.;  trusses  weighing  1,500  lb.  each,  0.90  to  i.oo  ct^.  per  lb.;  trusses 
weighing  2,500  lb.  each,  0.75  to  0.85  cts.  per  lb.;  and  trusses  weighing  3,5f>0  t*^  7-500  lb.  0.60  to 
•5  ttH.  ixrr  lb.     Pin-connetted  trusses  cost  from  o.io  to  0.20  cts,  per  lb.  more  than  riveted  trusses. 

Eave  Struts. — Onlinary  eavc  struts  made  of  4  angles  laced,  whose  length  does  not  exceed 
20  to  30  ft,,  cnst  for  shop  work  from  0.80  to  i.oo  cts.  per  lb. 

Plate  Girders. — The  shdji  work  on  plate  girders  for  crane  girders  and  floors  will  cost  from 
0.60  to  1.25  cts.  per  lb.,  depending  upon  the  weight,  details  and  number  made  at  one  time. 

TABLE  IV. 
Shop  Cost  of  Circit-ar  and  Rectavgui-ar  Bins  and  Stand-Pipes,  not  Incxitding 

Hoppe;(s  or  Bottoms. 


4 


TUckncMof  Metal.  In. 

Shop  Cost  in  Cent?  per  Lb. 

Walrr  Tlshl. 

Bins. 

I 

0,90 

o.R? 

o.Ro 
07:; 

o.So 

0.75 

0,70 
0.6; 
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SHOP  COSTS  OF  BINS  AND  STAND-PIPES.— Shop  costs  for  circular  and  rt-ctiingiilar 
bins  and  stand-pipes  arc  given  in  Tabic  IV,  while  shop  costs  far  bin  and  elevated  tank  bottoi 
arc  given  in  Table  V.     The  shop  cost  of  towcre  for  elevated  tanks  are  given  in  Table  VL 

TABLE  V. 
Shop  Cost  of  Bottoms  foe  Circular  and  RECTANctn-AR  Bins  aud  STA^^r)-PIPES. 


\ 


Thicknea*  rH  Material. 
In. 

Fhit  Bottom.  Cents 
per  Lb. 

Spbenail  Bottom. 
Cenu  per  Lb. 

Conical  Bottom.  Ccnta 
per  Lb. 

Hopper  Bottom,  Cents 
per  Lb. 

1 

1.50 

MS 

1.40 

4.0Q 
415 
440 
4-50 

3.S0 
J. 00 

2.75 
a-So 

2.50 
240 
a.25 

2.00      . 

TABLE  VI. 
Shop  Cost  of  Towfks  for  Elevated  Tanks  and  Bins. 


WciKhi  of  Tovrer  and  Bracing  in  Lb. 

Sbop  Cost  in  Centa  per  Lb.                               | 

Adjustable  Bndog. 

Riveted  Bradns. 

10,000  and  less 

1.50 
1.25 
LIS 
1,10 

I.iO 
l.IO 

1.05 

1.00 

10,000  to  20,000 

20,000  10  50,000 

50,000  and  up 

SHOP  COSTS  OF  INDIVIDUAL  PARTS  OF    BRIDGES.— The  <ro«t  of  fabricating  joists 

and  uihcr  similar  mi-nibers  bhould  be  estimated  on  the  Uibib  of  mill  details,  which  see. 

Eye-Bars. — The  shop  cost  of  cyc-Uirs  varit-s  with  the  size  and  length  of  the  bars  and  the 
number  made  alike.  The  following  costs  arc  a  fair  average;  Average  shop  costs  of  bans  3  in.  and 
lesa  in  width  and  J  in.  and  loss  in  ihickncss  is  from  1. 20  to  1. 80  cts.  per  lb.,  depending  upon  the 
length  and  size.  A  good  order  of  bars  running  2|  in.  X  \  in.  to  3  in.  Xj  in.,  and  from  16  to  20 
ft,  long,  with  few  variations  in  size,  will  cost  atx>ut  1.20  cts,  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  the  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given  in  Table 
III  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  Members 
made  of  two  channels  and  a  tup  cover  plate  with  lacing  on  the  Ixittom  side,  or  two  channels  laced 
on  both  sitk's  cost  about  1. 00  to  0.85  cts.  per  lb.  for  pin-connectcd  members  weighing  from  600 
io  1.500  lb.;  and  al>out  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  cxmnccttons.  Mem- 
bers made  of  four  angles  laced  cost  from  0.80  10  i.io  cts.  per  lb.  for  members  with  ri\-cted  endii. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  [X-t  lb.  Angles  used  without  end 
connections  should  have  their  cost  estimated  on  the  basis  of  mill  details,  which  see. 

Pins. — The  cost  of  chord  pins  will  vary  with  the  size,  numIxT  and  other  rec)uircinents.  The 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  2.00  to  3.00  cts.  per  lb.  Rollers  will 
cost  practically  the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making  pins  and 
rollers. 

Latticed  Fence. — The  shop  cost  of  light  simple  latticed  fence  made  of  two  2  in.  X  2  in. 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  2.00  cts.  per  lb.;  while  the  sbop 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  to 
5.00  cts.  ixr  lb. 

Floorbeams  and  Stringers.- Plate  girders  used  for  floorbcams  and  stringers  will  cost  from 
0.60  to  1.25  cts.  iKT  lb.  doix.'nding  upon  the  weight,  details  and  number  made  at  one  time  Floor- 
bcauns  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 


SHOP  COSTS  OF  STEEL  BRIDGES. 

SHOP  COSTS  OF  BRIDGES  AS  A  WHOLE.— The  cost  will  be  taken  up  under  the  head 
erf  pin-connected  bridges,  riveted  bridges,  p!alc  girder  bridges,  combination  bridge  metal,  and 
Howe  truss  metal. 

Shop  Costs  of  Pin-connected  Bridges. — The  shop  costa  of  ptn-connccted  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing      5,000  lb.  and  less 1. 30  cts.  per  lb. 

5,000  to    10,000  lb 1.20    "      "     " 

10,000  to    20,000  lb l.oo 

20,000  to    40,000  lb 0.90 

40,000  to    60,000  lb 0,80 

60,000  to  loQ.ooo  lb 0.75 

100,000  to  150,000  lb 0.70 

150,000  and  up 0.65 

These  costs  include  detailinR  and  one  coat  of  shop  paint.     For  reaming  add  O.15  cts.  per  lb. 
Shop  Costs  of  Riveted  Truss  Bridges.^Thc  shop  costs  of  riveted  truss  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  arc  about  as  follows: 

Bridges  weighing      5,000  lb.  and  less 1.15  cts.  per  lb. 

"              "             5,000  to    10,000  lb 1.00  *'  "  *• 

"               "            10,000  to    20,000  lb 0.90  "  "  " 

"  "  20,000  to    40,000  lb 0.85 

••  "  40,000  to    60,000  lb 0.75 

"               *'           60,000  to  100,000  lb 0.70  "  "  " 

••               "          100.000  to  150.000  lb 0.65  "  "  " 

150,000  lb.  and  up 0.60  "  "  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.     For  reaming  add  0.15  cts.  per  lb. 

Shop  Costs  of  Plate  Girder  Bridges. — The  shop  costs  of  plate  girder  highway  or  railway 

bridges,  exclusive  of  fence  and  joistSi  arc  about  as  follows: 


Spans  weighing 

M 


lo.cxx)  lb.  and  less 0.90  cts.  per  tb. 

10,000  to    20,000  lb 0.85 * 

20,000  to    40,000  lb 0.75    "      "     " 

40.000  to    60,000  lb 0.70    **      "     *• 

60,000  to  100,000  lb D.60    "      **   " 

100,000  and  up 0.50    **      **     ** 

These  costs  include  detailing  and  one  coat  of  shop  paint.  For  reaming  add  0.15  cts.  per  lU 
Shop  Costs  of  Tubular  Piers  and^  Culverts. — The  shop  costs  of  steel  tubular  pier  shells  and 
culvert  pipe  are  about  as  follows: 

Tubes  18  in.  to  24  in.  diameter,  \  in.  metal I.OO  cts.  per  lb. 

"      24  in.  to  30  in.  diameter,  }  in.  to  |  in.  metal 0.75  to  0.65 * 

•*      30  in.  to  48  in.  diameter,  \  in.  to  \  in.  metal O.70  to  0.60    "      "     " 

*•       48  in.  to  72  in.  diameter,  \  in.  to  ^  in.  metal 0.65  to  0.50    '*      "     " 

'•      72  in.  and  up  f  in.  to  t  in.  metal 0.50  to  0.45    *'      "     " 

The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bracing 
mad  r>Jtls  fur  tubular  piers  uru  included. 

Shop  Cost  of  Combination  Bridge  MetaL — Wlierc  the  bars  and  rods  arc  standard  and  the 
caplings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
at  about  the  same  cost  per  pound  as  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
the  metal  in  the  combination  bridges. 
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Shop  Cost  of  Howe  Truss  Bridge  Metal. — The  shop  cost  of  highway  bridge  castings  made 
from  standard  paUcrns,  is  from  1.50  to  2.00  cts.  per  lb.  The  shop  costs  of  the  plates,  rods  and 
other  miscellaneous  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

COST  OF  ERECTION  OF  STEEL  FRAME  OFFICE  AND  MILL  BUILDINGS  AND 
MINE  STRUCTURES. — In  estimating  the  cost  of  erection  of  structural  steel  work  it  is  best  to 
divide  the  cost  into  (a)  cost  of  placing  and  bolting  steel,  and  {h)  cfwt  of  riveting.  The  cost  will 
be  based  on  labor  at  an  average  price  of  $3.20  per  day  of  8  hours  or  40  cts.  per  hour 
I  (a)  Cost  of  Placing  and  Bolting. — The  cost  of  placing  and  bolting  milt  buildings  for  ordinary 
conditions  may  be  estimated  at  from  $6.00  to  $8,00  per  ton.  The  cost  of  placing  and  bolting  up 
steel  office  buildings  may  be  estimated  at  from  S5.00  to  S9.00  per  ton.  The  cost  of  placing  and 
bolting  up  steel  bins  may  bo  estimated  at  from  $10.00  to  $15.00  per  ton.  The  cost  of  placing 
and  bolting  up  head  frames  may  be  estimated  at  from  $12.00  to  $18.00  per  ton. 

(6)  Cost  of  Riveting. — It  will  cost  from  6  to  10  cts.  per  ri\x-t  to  drive  |  or  J  in.  rivets  by 
hand  in  structural  framework  where  a  few  rivets  are  found  in  one  place.  A  fair  average  is  7  ctsL 
per  rivet.  The  same  size  rivets  can  be  driven  in  tank  work  for  from  4  to  7  cts.  per  rivet,  with 
5  cts.  per  rivet  as  a  fair  average. 

The  cose  of  riveting  by  hand  is  distributed  about  as  follows: 

3  men,  2  driving  and  1  bucking  up,  at  $3.50  per  day  of  B  hours $xaso 

I  rivet  heater  at  $3.00  per  day  of  8  hours 3.00 

Coal,  tools,  superintendence. 1 .50 

I  Total  per  day $15.00 

On  structural  work  a  fair  day's  work  driving  |  in.  or  |  in.  ri\'cts  will  be  from  150  to  250, 
depending  upon  the  amount  of  scaffolding  required.  This  makes  the  total  cost  from  6  to  10  cts. 
per  rivet. 

On  bin  work  when  the  rivets  are  close  together  and  little  staging  is  required  the  gang  above 
will  drive  from  200  to  400  rivets  per  day.    This  makes  the  total  co&t  from  about  4  to  7  cts.  per  rivet. 

Rivets  can  be  driven  by  power  riveters  for  one-half  to  three-fourths  the  above,  not  counting 
the  cost  of  installation  and  air.  The  added  cost  for  power  and  equipment  makes  the  cost  of 
dri\'ing  field  rivets  with  pneumatic  riveters  about  the  same  as  the  cost  of  driving  field  rivets  by 
hand. 

Soft  iron  rivets  }  in.  and  under  can  be  driven  cold  for  about  one-half  what  the  same  rivets 
can  be  driven  hot,  or  even  less. 

Cost  of  Erection. — Sm&ll  steel  frame  buildings  will  cost  about  $10.00  per  ton  for  the  erection 
of  the  steel  framework,  if  trusses  are  riveted  and  all  other  connections  are  bolted.  The  cost  of 
laying  corrugated  steel  is  about  $0.75  per  square  when  laid  on  plank  sheathing,  $1.25  per  square 
when  laid  directly  on  the  purlins,  and  $2.00  fK*r  square  when  laid  with  anti-condensation  lining. 
The  erection  of  comigated  steel  siding  costs  from  $0.75  to  ;fci.oo  per  square.  The  cost  of  erecting 
heavy  machine  shops,  all  material  riveted  and  imluiling  the  cost  of  painting  but  not  the  cost  of 
the  paint,  is  about  $8.50  to  $9.00  per  ton.  Small  buildings  in  which  all  connections  ar?  bolted 
may  be  erected  for  from  $5.00  to  $6.00  per  ton.  The  cost  of  erecting  the  structural  framework 
for  office  buildings  will  var>'  from  $6.00  to  $10.00  per  ton. 

Actual  Costs  of  Erection. — The  cost  of  erecting  the  East  Helena  transformer  building.  1897, 
was  $12.80  pn-T  ton,  including  the  cre»:tion  of  the  corrug-ated  steel  and  transportation  of  the  men. 
The  cost  of  erecting  the  Carbon  Tipple  was  $8.80  per  ton,  including  corrugated  steel.  The  cost 
of  erection  of  the  Basin  &  Bay  State  Smelter  was  $8.20  per  ton,  including  the  hoppers  and  corru- 
gated steel. 

The  cost  of  erecting  the  structural  steel  work  for  the  Great  Northern  Ry.  Grain  Elevator. 
Superior,  Wisconsin,  was  $13.25  per  ton  including  the  driving  of  all  rivets.  There  were  10.600 
tons  of  structural  steel  work,  and  2,000,000  field  rivets,  or  neariy  300  field  rivets  per  ton  of  struc- 
tural steel. 
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COST  OF  ERECTION  OF  STEEL  BRIDGES. 

Erection  of  Structural  Steel  for  an  Armory.* — The  structural  {ramcwork  for  the  new  armory 
of  the  University  ol  Illinois,  consists  of  thrce-hingcd  archob  having  a  span  of  206  ft.,  and  a  center 
height  of  94  ft.  3  in.  The  arches  arc  spaced  26  ft.  6  in.  ccntcre  and  are  braced  in  pairs.  The  total 
weight  of  structural  steel  was  985  tonii,  and  contained  15.4CX),  J  in,  and  14,900,  I  in.  or  a  total  of 
30,300  6eld  rivets.  The  cost  of  erecting  the  structural  steel,  including  field  riveting  was  $9-55 
per  ton.     The  average  cost  of  driving  ihe  field  rivets  was  13. i  cts.  each. 

COST  OF  ERECTION  OF  STEEL  BRIDGES.— The  cost  uf  erection  ordinarily  includes: 
(I)  the  cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
placing  of  the  steel  in  |x>sition:  (3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  steel  and 
the  wcjodwork. 

Hauling. — Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
mite,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
particular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
the  teams  should  be  consi<lereti.  The  cost  of  loading  on  the  wagons  and  unhxiding  will  depend 
upon  the  local  conditions,  hut  will  ordinarily  Ik'  from  25  to  50  cts.  per  ton.  For  railroad  bridges 
the  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

Fftlsework. — If  piles  are  to  be  ustd  the  cost  should  be  carefidly  estimated.  The  cost  of  the 
piles  in  place  will  vary  with  the  cost  of  piles  and  local  conditions.  Under  ordinary  conditions 
piles  in  falsework  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
depend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
in  highway  bridges,  and  ties  and  guanl  timL>er^  in  railway  bridgeii  can  often  be  uw^d  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timlxT  in  the  falsework  will  ordinarily  be 
from  $6.00  to  $8.00  per  thousand  ft.  13.  M. 

Erection  of  Tubular  Piera. — The  cost  nf  setting  tubular  piers  for  highway  bridges  will  depend 
upon  the  conditions.  Tul>es  36  in.  in  diameter  and  20  ft.  long  have  been  set  in  favorable  locations 
for  $25.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is. 
however,  not  safe  to  estimate  the  cost  of  setting  tulx^s  from  36  to  48  in.  in  diameter  under  even 
tavorablc  conditions  at  less  than  $2.00  por  lineal  fcfot  of  tube.  When  the  cost  of  setting  tubes  is 
estimated  by  weight,  it  should  be  figured  at  from  J15.00  to  Jizo.tK)  per  ton,  for  ordinarj'  conditions. 
It  will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
d  tbe  piles,  which  will  vary  from  10  to  20  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
from  $6.00  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 
K  Placing  and  Bolting. — The  cost  of  placing  and  bolting  it\i  riveted  highway  spans,  and  erecting 

H  pin-connccied  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 
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Highway  spans  from    30  to    60  ft $12.00  to  $15.00  per  ton. 

"  "        "       60  to  100  ft 10.00  lo    12.00   "      " 

*'  *'  "        IDO  to   150  ft 9.00  to      10.00     "         " 

150  ft.  and  up 8.00  "      " 


The  cost  of  placing  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
ditions and  equipment  that  it  is  dift'inilt  10  give  general  costs. 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  >'ary  from  7  to  13  cts.  per  rivet, 
while  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts-  per  rivet.  The 
number  of  rivets  in  riveted  low  truss  highway  bridges  depends  u|xin  the  number  of  [xinels  and 
Ihe  *tyle  of  details,  and  will  be  al>out  155  to  200  for  a  three-panel  liridge,  and  400  to  500  for  a 
■x-pand  bridge.  The  number  of  rivets  in  through  riveted  highway  bridges  will  Iw  alxjut  250  to 
30a  for  a  four-panel  bridge,  and  1.300  to  1.500  for  a  nine-panel  bridge.  Pin-connected  bridges 
ordinarily  have  about  }  to  )  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 

The  af)pmximate  numlxr  of  field  rivets  in  single  track  railway  bridges,  designed  for  E  55 
lomdUng,  are  given  in  Table  V^II. 


•  Etigineering  and  Contracting,  Aug.  6,  1913, 
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TABLE  Vn. 

NuuBER  OF  Field  Rivets  in  Railway  Bridges,  Single  Track,  E  55  Loading. 

(Harriman  Lines.) 


Plate  Girdcri. 

Through  Truas  Bridxes. 

Deck.                   1                 Through. 

Riveted. 

Pia-Conoected. 

Span.Fi. 

Number  of 
Fitid  Rivets. 

Simn,  Ft. 

Number  of 

ridd  Rivet*. 

Span.  Fl. 

Number  of 
Field  Riveu. 

Spon.FU 

Number  of 
Field  KivrU. 

30 
40 
50 
60 
70 
80 

90 

100 

100 
200 
300 
400 
500 
500 
500 
6nn 

30 
40 

60 

70 

80 
90 

100 

600 
I,200 
1,300 

1,700 
1,900 
2,000 
3,200 
2,400 

100 

no 

1 25 

140 
150 

2.900 
2,900 
4.300 
5.300 
5,600 

i;o 
160 
180 
200 

3,800 
3.000 
3,200 

3.200 

The  field  rivets  on  the  20th  St.  \'uiduct,  Denver,  Colorado,  cost  7  cts.  each.  The  rivets 
were  driven  by  air  riveters. 

Actual  Costs  of  Erecting  Railway  Bridges. — The  cost  of  erecting  railway  bridges  on  the  A.  T. 
&  S.  F.  Ry.  in  1907  arc  given  in  the  report  of  the  Aaaoc.  of  Ry.  Supt.  of  B.  &  B.  as  follows: — 

Trusees.  984  tons  erected,  cost  $4.63  per  ton. 

Plate  Girders,  2,784  tons  erected,  cost  $5.49  per  ton. 

I-Beama,  2,837  tons  erected,  cost  $2.88  per  ton. 
All  girders  and  I-beams  were  erected  with  a  steam  wrecker  and  the  through  spans  with  a  derrick 
car.  The  reason  for  the  plate  girders  costing  more  to  erect  than  the  through  trusses  »-ait  that 
many  of  the  plate  girders  were  on  second  track  where  the  old  girders  had  to  be  cut  apart  and  moved 
to  the  outside  and  heavier  girders  put  in  their  place.  All  rivets  were  driven  by  hand.  For  addi- 
tional examples  of  actual  costs,  sec  Gillette's  "Cost  Data." 

Transportatioa. — Fabricated  stnictural  steel  commonly  takes  a  "fifth-class  rate"  when 
shipped  in  car  load  lots,  and  a  "fourth-class  rate"  when  shipped  "local"  (in  less  than  car  load 
lots).  The  miniinum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,000  lb. 
Tariff  sheets  giving  railroad  rates  may  be  obtainc<I  from  any  railroad  company.  The  shipping 
clerk  should  be  providc-d  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that 
the  car  may  be  properly  loaded. 

Freight  Rates. — The  freight  rates  (1913)  on  finished  steel  products  in  car  load  shipments  from 
the  Pittsburgh  District,  including  plates,  structural  shapes,  merchant  steel  and  iron  bars,  pipe 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  ami  bolts  (in  kegs),  black  sheets  (except 
planished),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  16;  Buffalo, 
1 1 ;  Boston,  18;  f^iltimore,  14J;  Cleveland,  10;  Columbus.  12;  Cincinnati,  15:  Chicago,  18;  Denver, 
Colo.,  Ssi;  Harrisburg,  14J;  Louisville,  18;  New  York.  l5;  Norfolk,  20;  Philadelphia,  15;  Rochester, 
iij:  Richmond.  20;  Scranton,  15;  St.  Louis,  23:  Washington,  14^. 

COST  OF  PAINTING.— The  amount  of  materials  required  to  make  a  gallon  of  paint 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  VUI.  Structural  steel 
should  be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  paint 
at  the  shop;  and  two  coats  of  first-class  paint  after  erection.  Tlic  two  field  coats  shouM  be  of 
different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dr\'  before  applying  the  second 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  e>-ery  thncr 
or  four  years. 

The  steel  work  in  the  extension  to  the  T6th  St.  Viaduct.  Denver,  Colo.,  was  painted  with  red 
lead  paint  mixed  in  the  following  proportions, — 100  lb.  red  lead,  2  lb.  lamp-black  and  4.125  gallons 
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of  linseed  oil.     This  mixture  niade  6  gallons  of  mixed  paitit  of  a  chocolate  color,  and  gave  1.455 
gallons  of  paint  for  each  gallon  of  oil. 

TABLE  VIII. 

Average  Surface  Coverei>  per  Gallon  of  Paint. 
Penco\'d  Hand  Book. 


Pftint. 


Iron  oxide  (powdered).  . . . 
Iron  oxide  (ground  in  oil). 

Red  lead  (powdered) 

White  lead  (ground  in  oil) 
Graphite  (ground  in  oil). . 

Black  asphalt. 

Linseed  oil  (no  pigment). . 


Volume  and 

Volume  d(  Oil. 

Pound  ■  of 
Piftraeot. 

Weight  of 

Paint. 

Squaic  Feci. 

Gal.        Lb. 

I  Cat. 

a  Coats. 

I  gal 

8.00 

1.2  —   16.00 

600 

3!>o 

1  gal 

3475 

2.6  =  31-7S 

630 

375 

!  gal. 

22.40 

1,4  =  30.40 

630 

375 

I  gal. 

25.00 

1.7  -  33.00 

500 

300 

I  gal. 

11.50 

2.0  =  20.50 

630 

350 

I  gal.  (turpj 

17.50 

4.0  =  30.00 

51s 

310 

I  gal. 

87S 
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Light  structural  work  will  averaRc  about  250  sq.  ft.,  and  heav>'  structural  work  about  150 
•q.  ft.  of  surface  pt-r  net  ton  of  metal,  while  No.  20  corrugated  steel  has  2.400  sq.  ft.  of  .surface. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

The  price  of  paint  materials  in  small  quantities  in  Chicago  are  (19T4)  about  as  follows: 
Limccd  oil,  50  to  60  cts.  per  gaL;  iron  oxide,  I  to  2  cts.  per  lb.;  red  lead,  7  to  8  cts.  per  lb.;  white 
lead,  6  to  7  cts.  per  lb.;  graphite.  6  to  10  cts.  per  lb. 

A  good  painter  should  paint  1.200  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft.  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  coveretl  depending  upon  the 
amount  of  staging  and  the  patnt.  A  thick  red  lead  jraint  mixed  with  30  lb.  of  lead  to  the  gallon 
of  oil  will  take  fully  twice  a«*  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  applying 
paint  is  roughly  equal  to  the  cost  of  a  gotxl  quality  of  paint,  the  cost  per  ton  depending  on  the 

^ spreading  qualities  of  the  paint.     This  rule  makes  the  cost  of  applying  a  red  lead  paint  with  30  lb. 
of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite  paint, 
per  ton  of  structural  stei'l.     Kor  additional  data  on  paints,  see  Chapter  XV. 
T       HISCELLANEOUS  COSTS.— The  following  approximate  costs  uill  he  of  value  in  making 
preliminary  estimates.     The  cost  of  const rurt it »n  de|X"nds  so  much  uixm  local  conditions  that 
Average  cont^  should  only  Vjc  used  as  a  guide  to  the  judgment  of  the  engineer. 
B     MILL  BUILDING  FLOORS.— The  following  costs  are  for  floors  resting  on  a  good  compact 
HD  and  do  not  inirlude  unu>4U.^l  ditHculties. 
Timber  Floor  on  Pitch-Concrete  Base.^The  cost  varies  from  about  $1.25  per  sq.  yd.  for  a 
3-in.  pine  sub-flo(jr  ami  a  l-'in,  pine  fini.sh,  to  about$i.75  ikt  sq.  yd.  for  a  2-in.  pine  sub-floor  and  a 
f^n.  maple  finish. 
H  Concrete  Floor  on  Gravel  Sub-base. — The  cost  varies  from  $1.25  to  $2.00  per  sq.  yd. 

^^  Creoftoted  Timber  Block  Floor. — Creosoted  timber  bh^cks  3  in.  to  4  in.  thick,  laid  on  a  6-in. 

^^BBOcrvtc  baae,  will  cost  from  $2.50  to  $.1.50  per  sq.  yd. 

^^V      ROOFIIfG  FOR  MaL  BUILDINGS.— The  following  costs  indudc  the  cost  of  materials 
and  the  cost  of  laying,  hut  do  not  include  the  cost  of  the  sheathing. 

Comisated  Steel  Roofing. — The  weight  of  cornigatid  steel  roofing  and  siding  may  be  ob- 
tained from  Table  1,  Chapter  I.  The  price  of  corruRatefl  steel  may  be  obtaTneil  from  current 
qumatlnns  Jn  Engineering  News  or  Iron  Age.  The  cost  of  laying  corrugated  steel  is  about  $0.75 
per  square  when  laid  on  plank  sheathing,  $1.25  per  wjuarc  when  laid  directly  on  the  purlins,  and 
$1.00  per  square  when  laid  with  anti-rondensation  lining.  The  erection  of  cornigafed  siding 
covts  from  $0.75  to  $1,00  per  srjuare.     Asbestos  paper  costs  from  3 J  to  4  cts.  per  lb.     Galvanized 
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Brass  unre.  No.  30,  costs  about  20 
For  trimmings.  Bashing,  ridge  roll, 


wire  netting,  No.  19,  costs  25  to  30  cts,  per  square  of  100  sq.  ft 
cts.  ptrr  lb.  No.  9  galvanized  wire  costs  aljout  3  cts.  per  lb. 
etc.,  add  l  ct.  per  lb.  to  the  base  price  of  corrugated  steel. 

Tar  ftnd  Gravel  Roofing. — Four-  or  five-ply  tar  and  gra\'el  roofing,  for  average  conditions, 
costs  from  $3.75  to  $4.00  per  square,  not  including  sheathing.  Five  hundred  squares  of  5-ply 
tar  and  gravel  roofing,  in  1912,  in  the  middle  west,  cost  53.93  pt^i*  square,  not  including  sheathing. 

Tin  Roofing. — Tin  roofing  costs  from  $7.00  to  $9.00  per  «|uarc,  not  including  sheathing. 

Slate  Roofing, — Slate  roufmg  costs  from  $7.00  to  $12.00  per  square,  not  including  sheathing. 

Tile  Roofing. — The  cost  of  tile  roofing  is  variable,  depending  upon  style  of  roof  and  location 
and  local  conditions,  and  may  vary  from  £13.00  to  S30.00  per  square,  not  including  sheathing. 

WINDOWS. — Windows  with  wooden  frames  and  sash,  and  double  strength  glass,  will  cost 
from  25  to  50  cts.  per  sq.  ft.  of  opening.  Windows  with  metal  frames  and  sash  and  wire  glass, 
■will  cost  from  45  to  55  cts.  per  sq.  ft.  of  opening. 

SKYLIGHTS. — Sk>iights  with  metal  frames  and  sash  and  wire  g!a.«s,  will  cost  from  50  to 
60  cts.  jxT  sq.  ft.  Skylights  made  of  translucent  fabric  stretched  on  wooden  frames,  will  co£t 
from  25  to  30  cts.  per  sfj.  (t.     Louvres  without  frames,  will  cost  about  25  cts.  per  aq.  ft. 

CIRCULAR  VENTILATORS.— tJircular  ventilators  will  cost  about  as  follows: — la-xn., 
$2.00;  l8-in.,  S6.75;  24-in.,  Sio.oo;  36-in..  $15.00  each,  when  ordea-d  in  lots  of  at  least  six. 

ROLLING  STEEL  SHUTTERS.— Rolling  steel  shutters  will  cost  $0.75  to  $1.00  per  sq.  ft. 

WATERPROOFING. — -The  following  costs  for  waterproofing  engineering  structures  arc 
taken  from  the  Proceedings  of  the  American  Railway  Engineering  Association,  Vol.   12,  191 1. 

(1)  Bridge  floor.  6-pIy  felt  and  pitch,  12J  cts.  per  sq.  ft.,  including  protection  over  waterproofing, 

(2)  Trough  bridge  tioor,  4-ply  burlap  and  asphalt,  lo  to  16J  cts.  per  sq.  ft.  (3)  Bridge  floor,  3-ply 
burlap  and  asphalt,  and  a.HphaU  mastic,  16  els.  per  sci.  ft.  (4)  Concrete  slab  bridge  floor,  5-ply 
felt,  i-ply  burlap  and  pitch.  15J  cts.  jkt  «}.  ft.,  including  a  lo  year  guarantee. 

MISCELLANEOUS  MATERIALS.— The  following  prices  are  for  small  loU.  f.o.b.  Pittsburgh 
(May.  I9U)- 

Chain-— Standard  chain,  A  in.,  7§  cts,  per  lb.:  }  in.,  3  cts.  per  lb.;  1  in.,  2.6  cts.  per  lb. 
For  BB  chain,  add  l  J  cU.  per  lb.,  and  for  BBB  chain,  add  2  els.  [x-r  lb. 

Naila. — Base  price  of  nails,  $2.00  per  keg  of  too  lb. — 2od  to  60  d  nails  arc  base;  for  lod  to 
l6d,  add  5  cts.  per  keg;  for  8d  and  <)d,  add  10  cts.  per  keg;  for  6d  and  7d,  add  ao  cts.  per  keg: 
for  4d  and  sd,  add  30  cts.  per  keg;  for  3d,  add  45  cts.  per  keg,  and  for  ad,  add  70  cts.  per  keg. 

Gas  Pipe. — Gas  pipe  costs  about  as  follows; — Standard  gas  pipe  i  in.  diam.,  black.  3^  cia. 
per  ft.,  glavanized,  5  cts.  per  ft.;  2  in.  diam.,  black,  7§  cts.  per  ft.,  galvanized,  il  cts.  per  ft.;  3  in. 
diam.,  black,  16^  cts.  per  ft.,  galvanized,  23  cts.  per  ft. 

Steel  Railroad  Rails. — Bessemer  rails,  $28  per  gross  ton  (2240  lb.);  open-hearth,  $30  per 
gross  ton. 

Wire  Rope. — ^The  cost  of  steel  wire  rope  is  about  as  fotlows: — I  in.  rope,  lo  cts.  per  lineal  ft.; 
}  in.  rope.  13  rts.  i>er  Hneal  ft.;  I  in.  rope,  20  cts.  per  lineal  ft.;  t  J  in.  rope,  45  cts.  per  lineal  ft. 

Mamla  Rope. — Manila  rope  costs  about  12)  cts.  [xt  lb.     Sisal  rope  costs  about  9  cts.  per  lb. 

HARDWARE  AND  MACHINISTS  SUPPLIES.— Prices  of  hardware  and  machinists 
supplies  are  for  the  most  part  quote*]  by  giNing  a  discount  from  standard  list  prices.  The  *'  Iron 
Age  Standard  Hardware  Lists,"  price  $2.00,  may  bo  obtained  from  the  Iron  .^ge  Book  Department, 
239,  W.  39th  St.,  New  York.  Discounts  from  these  standard  lists  are  given  each  week  in  Iron 
Age.  The  base  prices  of  structural  materials  are  given  in  the  first  issue  of  each  month  of  Engineer- 
ing News,  and  arc  given  in  each  Issue  of  Iron  Age. 

REFERENCES. — ["or  detailed  estimates  of  steel  mil)  buildings  and  additional  data  on  the 
cost  of  steel  mill  buildings  sec  the  authors  "  The  De&ign  of  Steel  Mill  Buildings."  For  detailed 
estimates  of  steel  highway  bridges  and  additional  data  on  the  cost  of  steel  highway  bridges,  sec 
the  author's  "  The  Design  of  Highway  Bridges."  For  data  on  the  cost  of  retaining  walls,  bins  and 
grain  elevators,  see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators."  For  data 
00  the  cost  of  steel  head  frames,  coal  tipples,  and  other  mine  structures,  see  the  author's  *'  The 
Design  of  Mine  Structures. ' 
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CHAPTER  XIV. 
Erection  of  Structural  Steel. 

METHODS  OF  ERECTION.— The  methixl  used  in  crectinR  a  steel  structure  will  depend 
upon  the  type  of  structure,  the  size  of  the  structure,  the  risk  to  I>e  taken,  as  in  bridge  erection, 
whether  the  structure  is  to  be  erected  without  interfering  with  traffic,  as  in  erecting  a  railroad 
bridge  to  replace  an  ousting  structure,  or  in  erecting  a  building  ovcrfurnaccsor  working  machinery, 
the  available  tools,  and  local  conditions.  The  tenduncy  of  modern  structural  steel  erection 
practice  is,  as  far  as  possible,  to  u<^  derrick  cars  for  erecting  railway  bridges  and  locomotive  cranes 
for  erecting  mill  buildings  and  other  structures. 

The  methods  of  erection  that  may  Ik*  used  for  erecting  difTercnt  steel  structures  are  as  follows. 

Plate  Girders  and  Short  Riveted  Spans. — Plate  girders  up  to  ,TlM>ut  60  ft.  span  are  very, 
commonly  riveted  up  complete  with  cross  frames  and  bracing,  either  at  the  shop  orat  the  site,  and 
are  placed  in  poiiiion  on  the  abutments.  With  plate  girders  longer  than  60  ft.  and  short  riveted 
truasea  one  girder  or  truss  is  placed  in  position  at  a'  time  and  the  floorbcams  and  bracing  are  put 
tn  place  after  the  girders  or  trusses  arc  in  place.  The  girders  or  trusses  may  be  swimg  into  place 
by  a  stifT-leg  derrick  or  a  guy  derrick  set  up  alongside  the  track  or  back  of  the  abutment  where 
there  is  no  track;  by  a  derrick  c;u-,  or  may  be  hoisted  into  place  by  a  gin  pole.  Where  falsework 
has  been  placed  girders  arc  picked  up  from  the  cars  by  two  gallows  frames,  one  near  each  end  of  the 
span,  or  by  one  gallows  frame  and  a  derrick.  Plate  girders  may  also  be  put  in  place  by  sliding 
into  place  either  longitudinally  or  transversely,  or  by  jacking  and  cribbing. 

Tniss  Bridges. — Riveted  trusses  up  to  a  span  of  too  to  125  ft,  may  be  riveted  up  on  the 
^ank  and  be  swung  into  place  by  a  boom  traveler  or  a  derrick.  The  firmrbrams  and  bracing 
then  put  in  place  and  the  span  riveted  up.  Where  falsework  is  rcc|uired  the  bridge  may  be 
erected  by  a  gantr>'  or  outside  traveler  placed  outside  of  the  trusses,  by  a  boom  traveler  running 
on  a  track  placed  inside  the  trusses,  or  by  a  derrick  car.  The  gantry  or  outside  traveler  is  com- 
monly used  for  long  spans  and  for  highway  spans  where  no  tracks  are  available.  The  bot>ra 
traveler  is  commonly  used  for  elevated  railway  and  highway  viaflucts.  The  derrirk  car  is  nov 
commonly  uned  f«»r  erecting  railway  bridges  and  is  sometimeB  used  for  erecting  viaducts. 

Cantilever  Bridges.— Cantilever  bridges  are  commonly  erected  by  means  of  an  overhang 
traveler  running  on  the  completed  portion,  the  structure  being  built  out  from  the  shore.  Canti- 
lever bridges  arc  sometimes  erected  on  falsework  in  the  same  manner  as  simple  trusses. 

Arch  Bridges. — Arches  may  be  erected  on  falsework  in  the  same  manner  as  simple  truss  spans, 
|r  roay  be  cantilevered  out  from  each  abutment,  the  cantilever  being  supported  by  temporary 

*  running  over  a  tower  placed  back  of  the  abutments. 

High  Viaducts. — High  steel  viaducts  are  commonly  erected  by  means  of  an  overliang  or 
boom  traveler  running  on  a  track  on  top  of  the  viaduct  girders.  The  overhang  or  lxK>m  is  long 
caough  to  place  a  tower  in  advance  with  the  travtler  on  the  completed  i>ortion.  Derrick  cars 
Imvc  also  been  used  for  erecting  high  steel  viaducts.  The  towers  and  the  girders  may  be  erected 
by  means  of  gin  poles.  The  tower  bents  may  be  bolted  up  before  raising  or  may  be  erected  and 
bolli*d  up  in  place. 

Rool  Trusses,  Mill  and  Office  Buildings.— WTiere  there  is  sufficient  room,  roof  trusees  up 
to  150  ft.  s(»an  may  be  rivete<l  (jr  tx>lted  up  on  the  ground  and  may  then  be  raised  into  position 
by  means  fif  one  or  two  gin  poles.  Two  gin  poles  should  be  used  for  long  trusses.  Care  should 
be  used  not  to  cripple  the  lower  chord.  With  light  trusses,  the  lower  chord  members  should  be 
•lilfrnrd  by  means  of  ttml>crs  or  other  stiff  members  temporarily  bolted  or  lashed  lo  the  member. 
Columns  and  beams  in  office  buildings  may  be  erected  with  stiff-leg  or  guy  derricks,  or  "A" 
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dcmcks  may  be  uacd  for  loads  up  to  $  tons.  The  bents  of  steel  mill  buildings  may  be  erected  in 
the  same  manner.  Roof  arches  and  train  sheds  arc  bumetimes  erected  by  means  of  falsework, 
which  is  moved  as  the  erection  proceeds.     Boom-tower  derricks  running  on  tracks  are  found 


(aj   Crab 


(b)  Winch 


—Boiler 


rDram  /•_      , 
/  \5pool,  or 


A  Wi'nch,  or 


(c)  DERRiCK  Crab 


(d)  Ho/ST/N($  Engine 


Fio.  1.    Hoists  for  Steel  Erectioh. 


very  convenient.     Locomotive  cranes  are  now  used  for  erecting  mill  buildings  and  similar  struc- 
tures where  tracks  arc  available. 

Elevated  Towers  and  Tanks. — ^The  lowers  for  high  tanks  are  commonly  erected  by  means 
of  a  gin  pole.  A  gin  pole  long  enough  to  erect  the  entire  tower  may  be  used,  or  short  gin  pole* 
may  be  lashed  to  the  part  of  the  tower  already  erected;  the  gin  poles  being  moved  up  as  the  erection 
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proceeds.  Steel  tanks  are  commonly  erected  from  a  movable  platform  suspended  inside  the 
tank.     A  movable  swin^'ing  platform  fur  ihc  riveters  is  also  swung  outside  of  the  tank, 

ERECTION  TOOLS. — The  tools  and  appliances  used  in  the  erection  of  structural  steel  vary 
SO  much  that  it  will  only  be  possible  to  give  a  brief  summary  together  with  data  not  ordinarily 
available  Many  of  the  tools  and  appliances  used  in  the  erection  of  structural  steel  arc  of  standard 
contruction  and  may  be  purchased  direct  from  dealers,  so  that  a  detailed  description  is  not  nece»- 
»ary. 

Design  of  Erection  TooU. — For  the  design  of  hoists,  derricks,  cranes,  crane  hooks,  and  other 
tooU  used  in  bridge  erection,  sec  Hess's  "Machine  Design,  Hoists,  Derricks,  Cranes,**  published 
by  J.  B.  Lippincott  Company, 

Hoists. — i^oisting  engines  may  have  the  boilers  attached  or  may  be  detached.  A  self-con- 
tained steam  hoisting  engine  is  shown  in  Fig.  I.  Gasoline  or  electric  power  may  be  used  to 
advantage  where  available.  For  light  hoisting  the  4-spool  engine  is  commonly  used.  Data  for 
the  standard  hoisting  engines  used  by  the  American  Bridge  Company  arc  given  in  Table  I. 

Winches  and  Crabs. — For  light  hoisting  winches  or  crabs  operated  by  hand  power  may  be 
used.  A  crab  is  attached  to  the  mast  or  boom,  while  a  winch  is  self-contained.  Views  of  a  crab 
and  of  a  winch  arc  shown  in  Fig.  i. 

HOISTING  ROPE. — Lither  manila  rope  or  wire  rope  may  be  used  for  hoisting. 

Manila  Rope. — Only  the  very  best  new  manila  rope  should  Iw  used  for  hoisting,  as  manila 
rope  rapidly  deteriorates  when  used  and  cotumcrL'ial  nuinili  rupc  varies  greatly  in  strength.  The 
weight,  ultimate  strengths  and  safe  working  loads  for  manila  ro^w  are  given  in  Tabic  U.  Working 
knds  with  a  factor  of  safety  of  three  should  only  be  used  with  new  rope  of  the  best  quality. 


I 
I 


TABLE  I. 

Standard  Hoisting  Excises.    American  Bridge  Company. 


Ordinary 
Rat«d 
H.P. 

Lead  1.1nr 

I'ull 

Sin|tk^Unc 

Averaee 

Speed.  Lb. 

Wdclit 
with  Rollrr. 

Lb, 

Drums. 

In. 

Botlcn. 

Bed. 

Diarn., 
In. 

LfHRtb. 

In. 

DIatn., 
In. 

Lenatli, 

In. 

Widlh. 

Ft-In, 

L«iRth. 
Ft- In- 

trouble  Drum, 

4  Spool 

Double  Drum, 

6  Spool 

8  Spool 

20  H.  P. 

35  H.  P. 
45  H.  R 

60  H.P. 

5*OOQ 

9.000 

12,000 
15,000 

11,000 

15,000 
22,000 
30,umj 

14 
16 

26 

30 

34 

17 

23 

42 

46 
50 
54 

96 

108 
loS 
loS 

5-0 

6-0 
7-0 

8-0 

8-0 

1 0-0 
ll-O 

12-0 

TABLE  11. 

Makila  Rope.    Ultimate  Stkencth,  Weight  and  Working  Stress  or  Bbst 

Manila  Rupe. 


DiamrtcT.  In. 


Cln-umfcreocc 
o(  Kope,  In. 


I '57 
aj7 
2.75 
3H 
3-93 
471 
5.50 
6.28 
7.86 
9.42 


Wright  KWFl. 
Kope.  Lb. 


7 
17 
^4 
28 

2t 

84 
115 

175 

2^2 


tit  I  mate 
Strcnstb,  Lb. 


1.800 

4.000 
5. 400 
7,300 
11,200 
16.000 
21,600 
28,500 
45.000 
64.200 


Workins  Load  for  Derricks. 


Uacd  Rope, 
Factor  of  6.  U>. 


300 

670 

900 

1.200 

i,«7o 
3,670 
3,600 
4.750 
7.500 
10.700 


New  Rope. 
Fatctor  of  j.  Lb. 


600 

1.340 
i.^kio 

2.400 
3.740 
5.340 
7,100 
9.500 
15.000 
21.400 


Minimum  Sixr 
dT  Drum  at 
Sbcave.  In. 
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Knots  in  Manila  Rope. — In  a  knot  no  two  parts  which  lie  alongside  of  each  other  should 
move  in  the  same  direction  in  case  the  rope  were  to  slip.  A  few  of  the  more  common  knots  are 
shown  in  Fig.  2  which  has  been  taken  from  C.  W.  Hunt  Company's  book  on  "Manila  Rope,*' 


1.  Bight  of  a  rope. 

2.  Simple  or  Overhang  Knot. 

3.  Figure  8  Knot. 

4.  Double  Knot. 

5.  Boat  Knot. 

6.  Bowline,  first  step. 

7.  Bowline,  second  step. 

8.  Bowline,  completed. 

9.  Square  or  Reef  Knot. 

10.  Sheet  Bend  or  Weaver's  Knot. 

11.  Sheet  Bend  wllh  a  toggle. 

12.  Carrick  Bend. 

13.  "Stevedore"  Knot  completed. 

14.  "Stevedore"  Knot  commenced. 

15.  Slip  Knot. 


16.  Flemish  Loop. 

17.  Chain  Knot  with  toggle 

18.  Half-hitch. 

19.  Timber-hitch. 

20.  Clove-hitch. 

21.  Rolling  hitch. 

22.  Timber-hitch  and  Half-hitch. 

23.  Bla.L-.k-walUhitch. 

24.  Fisherman's  Bend. 

25.  Round  Turn  and  Half-hitch. 

26.  Wall  Knot  commenced. 

27.  Wall  Knot  completed. 

28.  Wall  Knot  Crown  commenced, 

29.  Wall  Knot  Crown  completed. 


"The  bowline  7  is  one  of  the  mo&t  useful  knots;  it  will  not  slip,  and  after  being  strained  is 
easily  untiL-d.  Commence  by  making  a  bight  in  the  rope,  then  put  the  end  through  the  bight 
and  unHiT  the  standing  part  as  shown  in  Fig.  2,  then  pass  the  end  again  through  the  bight,  and 
haul  tight. 

"The  square  or  reef  knot  9  must  not  be  mistaken  for  the  'granny'  knot  that  slips  under  a 
strain.  Knots  8,  10  and  13  arc  easily  untied  after  being  under  strain.  The  knot  13  is  useful 
when  the  rope  passes  through  an  eye  and  is  held  by  the  knot,  as  it  will  not  slip,  and  is  easily  untied 
after  being  strained. 

TABLE  lU. 

Crucible  Steel  Hoisting  Ropb.    Weight,   Ultimate  Strevgth  and  W^osking  Loads  of 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wirks  to  the  Strand. 


Minimum  Sbe  of  Dram  or 

Uiameter, 

111. 

Appnudmaie 

CUcumlercncc. 

In. 

Weight  per 
Ft..  Lb. 

ApproximaLe  Break- 
ing Strew.  Lb. 

SarrWorUnKSUwa 

for  Derrick*,  Factor 
o(  4.  Lb. 

Sheave. 

Derricks,  In. 

Rapid  Hoift- 
tng,  la. 

I 

Jl 

0.22 

10»000 

J.SOO 

6 

12 

c 

0.30 

13,600 

3.400 

7l 

'5 

1) 

0.39 

17,600 

4*400 

9 

18 

A 

1} 

0.50 

22,000 

5.500 

10 

21 

t 

0.62 

27,200 

6,800 

12 

27 

1 

l\ 

0.89 

38,800 

9,700 

14 

36 

I 

1.20 

52,000 

13,000 

18 

42 

1.58 

68,000 

17.000 

20 

48 

1 

3i 

2.00 

84,000 

21,000 

23 

54 

t 

24S 

100,000 

25,000 

H 

60 

\\ 

5.00 

124,000 

31,000 

27 

66 

3.55 

144,000 

36.000 

30 

69 

"  i'he  timber-hitch,  1%  lixiks  as  thousfh  it  would  give  way,  but  it  will  not;  the  greater  the 
strain  the  tighter  it  witi  hnlH.  The  wall  knot  looks  complicated:  hut  is  easily  made  by  pro- 
ceeding as  follows:  Form  a  bi^ht  with  strand  a  and  [Kiss  the  strand  b  around  the  end  of  it.  and 
the  strand  c  around  the  end  of  b,  and  thirn  through  the  bight  of  a,  as  shown  in  the  engraving  26. 
Haul  the  ends  taut,  when  the  appearance  is  as  shown  in  37.     The  end  o(  the  strand  a  is  now  laid 


KNOTS  IN  MANILA  ROPE. 


irrrmwi'^f''^''^     .^rm  i  ithmmw 


/O 


8 


II 


I  /2  /5  /-# 


25       24-        25  26        27      28        29 

30  31  32  35  34 


Fig.  2.     Knots  in  Manila  Rope. 


1     ..J 
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(3)  fi>)  (c)  fd) 

Block  wrrM  Smvei  Hook  Block  with Shacklb 

STEEL  SHEAVE  BLOCKS  FOR  WJRE  ROPE 


W^'"'Becket-^'^ 


t99J 


(e)  (F)  (g)  (h) 

WooPEN  Sheave  Block  with  Becket     Smtch  Blocks  mrn  Hooks 


(I) 


fp 


(k) 


(I) 


Fall  Uhe Ball    Weismteo  Sheave       Strap  Sheave  Blocks 
Block 

Fig.  j.     Blocks  for  Hoisting. 


LrrriNG  capacity  of  taciAI 


un 

Tons 


10 


20 


hO 


40 


60 


Le9dUn€ 
Puff-Lbs- 


S,700 


S,BO0 


10,600 


f 0,700 


Piling 


4Parts 
Dotfb/t 


\ 


Tripie 
6  Parts 

Trip/e 


\ 


Qu3cfrupkC^ 
SPsrts    \ 


Qusdrup^Xl 


/OJ/y/e 


T 


4P^s     1 


$Pa^ts    \ 


/O^tp/e 
S  Parts 
Qu9drupl9' 


l5P^s    1 


UFt 
Tom 


10 


20 


30 


40 


60 


Pu!f-Lbs^ 


7,500 


I  LOGO 


J 3,  800 


15,000 


l%000 


Rigging 
i'JVfre  Rope 


4Pstrts 

Douh/e 


QaadrupkC, 


S  Parts 


ifiarts    \ 
Singh  V; 


f^ 


yCySjngk 
4-Part^ 


ihtible     X 


6  Parts 

\ 

Trr'p/e     ^• 


yO  Trip/e 
S  Parts 
Qu9<fn/p/e 


fffia)t^  I 


lift  l^adUne 
Tom  Pu/f-Lbs- 


10 


20 


30 


40 


60 


7,400 


9,SO0 


//,  700 


J3,400 


J6.600 


Rfggfnq 

f  Wfre  Hope 


Doi/bie 
3  Parts 
Singie 


s 


Trip/e 
3  Parts 
Dou/>/m 


R\ 


Qua^fvp/m 
7  Parts 
Trip/e 


R\ 


3P^ts  \ 
Sing/e  \!] 


/O0wt,ftC 
SP^ts  1 
Doo6/e\: 


.OTriphC 
7firts\ 
Trip/t  Nc 


9P^s    i 


/3  Parts    I 


Best  Crt/c//>/e  Cast  Stee/  Hoist^ 
/hg  Pope  :  6  Straffdf  19  /fires  to  s 
Straffd  9f?<f  //emp  Core  • 

T/fese  va/i/es  sre  on/y  for  tackle 
as  sff<H¥0 '  //■  t/>e  /eat/  /ine  is  snatch- 
ed or  passes  over  ^(^itiona/ sheav^s^ 
capacity  diminishes* 


L/FT/NG  CaPAC/TY  OF  TaCKLE 

STFEL  SHFLL  BLOCKS 

W/TH  W/PE  ROPE 


FtG,  4, 
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4 


Rigging 
1^" Manila  Rope 


2  Parts 


Double    ^ 
b  Parts 
Singlt 


D&ublt 
4  Parts 
Dotfb/e 


\J 


O'^in^^  C 
h  Parts 


O ..  Singh 
4  Parts 
Doi/bie- 


<y\5irf^e 
4  Parts 
Dot/Me 

O.Doi/b/e  Q 
Spirts  II 
Tnp/e 


\t4 


U/t 
Tom 

Rigging 
2''M3ni/a  Rope 

20 

Tripi.    C 
0  Parts   \ 
Trip/e    C 

ep^ts  \ 

Tripie  N: 

22 

Tnp/e    C 
6  Parts  \ 
Tripie    C 

ep^rts  \ 

Trip/e^ 

24 

QyadrvpkC 
i  Parts    \ 
0tfa<^rtfpi^ 

Tripie  Ni 

26 

QuadrupkC 
8  Parts    \ 
Quatiri/p/eK. 

"■  0\7>ypie  C 
S^r^   \ 

28 

^^ts\ 

lift 

Tons 


Rigging 
/f  Maniia  Rope 


5i/>g/e     Dv 
2Parts  \ 
Single     D 


Double  C^ 
^  Parts  1 
Single     O 


O-^gM 
ZParts 
Sing/e\:: 


<y^5/}?gAfC 
3/^rts\ 
Single    -C 


Double 
4  Part^  \ 
Double 


y 


Doable 
4  Parts 
Double 


Single 
4  Parts 
Double^ 


0\Single 

4  Parts 
\ 
Double  "^ 


O- Sing/A^ 
4^r^  I 


Double 


Lin 

Tons 


10 


// 


12 


/i 


14 


If  Mdnila  Rope 


Triple     Os 
spirts  1 
Double    O 


Triple 
SParts 
Tripie     a 


II    eParts 

Triple^ 


Tr/pfe 
6  Parts 
Triple 


Quadruple 
8  Parts 
Quadrup^ 


QuadrupleO^ 
BParts    \ 
Qi^drvplcZ 


ODcubhC 
SParta  1 


<>^oub/eC 
e^rts  \ 
Triplk    X 


Quadrvph 


O^ripM 
^^rts 


Qvadrui 


^ 


12" Blocks  For  li" Rope* 
Capacity  oT  Blocks 

Single  m'th  Hook,  5  Tons* 

Double  m'th  Hook t  7  Tons- 

Tripie  m'th  Hook,  8  TonS' 

Approximate  pull  on  lta<f  line,  2  Tons^ 

14'' Blocks  Tor  ij  Rope- 

Capacity  of  Blocks 

Single  with  Hook,  6  Tons*    • 
Double  m'th  Hook,  10  Tons* 
Triple  m'th  Hook,  12  Tons- 
Quadruple  m'th  Shackle,  14  Tons» 
Approximate  pull  on  Mad  line,  3  Tbns' 
20' Blocks  For  2"  Rope- 
Capacity  oF  Blocks 

Single  mth  Shackle,  15  Tons* 
Double  m'th  Shackle,  22  Tons* 
Triple  m'th  Shackle,  30  TonS' 
Quadruple  mth  Shackle,  35  Tons* 
Approximate  pt/lf  on  lead  line,  5  Tons- 
These  values  are  only  /or  tackle  as  shotrn'    IF  lead 
line  is  snatched  or  passes  orer  additional  sheaves, 
capacity  diminishes  ^ 

Lifting  Capacity  of  Tackle 
wooden  shell  blocks  with  manila  rope- 

Fig.  5. 
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Efficiency  of  Tackle. — ^The  cfficienc>'  of  rigging  as  calculattx]  from  tests  made  by  the  Ameri- 
can Bridge  Comijany  is  given  in  Table  Vll.  The  tables  may  be  used  in  calculating  the  tuads 
that  can  be  lifted  by  tackle  as  follows: — 

Given  pull  in  lead  line,  to  find  load  lifted — Divide  the  pull  by  1.20  each  time  line  is  snatched 
or  poMes  over  sheaves  other  than  those  In  tackle  blocks;  multiply  quotient  by  ratio  of  load  to 
lead  line  pull,  Table  VII.  and  the  result  is  the  load  lifted.  For  exam]>le,  lead  line  pull  of  engine 
—  10,000  lb.;  rigging  as  follows: — 2  snatch  blocks,  2  sheaves,  and  7  parts  of  i|  tn.  line  in  main 


falls.     Then  Load  lifted  = 


10.000 


(1.20J* 
pull  in  lead  line,  reverse  above  operation. 


X  4.B9  s  33,600  lb.    If  load  to  be  lifted  is  given,  to  find 


TABLE  VIII. 
Data  on  Chains.    American*  Bridge  Company. 


I 

I 


1 

Size.        '     Weight 

Outside 

Outside 

Proof  Test 

Ultimate 

Working 

Working 

■ 

DUm .  €jf    1    per  Foot 

Lengtlis  of 

Width  of 

in  Lb 

Strength  in 

Load  in  Lb. 

Load   in  Lb, 

Bar.  In. 

in  Lb.. 

Linlu  in  In. 

Links  in  la. 

Lb. 

Factor  of  3. 

Factor  of  4' 

a-5 

2j 

7.700 

15,000 

5,000 

3,800 

■ 

4.10 

3, 

13,000 

23,000 

7,600 

5J00 

6.70 

3i 

17,000 

33,000 

11,000 

S,20O 

8-37 

4 

12,000 

43.000 

14,300 

10700 

I 

10.50 

4j 

29,000 

56.000 

18,600 

14,000 

: 

13-61 

5l 

37,000 

71,000 

23.600 

17.700 

m 

16.00 

51 

46,000 

8R.OOO 

29.300 

22,000 

1 

19.2s 

(>\ 

55.000 

106,000 

35.300 

26,500 

■ 

► 

23.00 

7, 

Sk 

66,000 

1 20,000 

42,000 

31-500 

28.00 

7J 

5h 

74,000 

141,000 

47,000 

3S.200 

4-   /?/n^  Chafn 


§^!@@@S     '©^^^^^ 


Total  H^e/^H  oF Chain  =  L' (B-^O)  ^  11-7 


Total  iVei^ht  gF Chain  -  Z  Y^-^^  ^iV-4 

^,       ^     *wTi,i  ^^.-^^Hook  Chain 


if-n — ^-^^ 
•Z' 

Totai  Weight  oF  Chain  -  L  '(^-20)  *48'3 
Vsua/  Length  oF  U  is  8  Feet- 


i^rj 


H6ok^3 


Fig.  6.    Chains. 
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rX'.A 


W 


J?/v£r  Hammbr 
Weight-5lbs- 


BAocmG  Out  Punch      V/ 


/' 


Rivet  Bustsr 


U  i^^r^ 


m 


//' 


^^^ 


J  Rivet  Set  (Snap) 


HANIH.E  GousE  Cold  Cutter 

f '  RjY£T  5£T  (Snap)  i' Rivet  5et(Shap) 


y Rivet  Set  (Snap) 


/i'-' 


6^ 


-M   (li 


•'-*; 


/"R/YET  Set  (Snap) 
5"  to  6' 


S  Pound  Maul 


?4 


//' 


/* 


^4=^f 


r^S 


OfurrPm 


Fig.  7.    Tcx)Ls  for  Steel  Erection.    American  Bridge  Company. 


FOR  STEEL  EREC 


/I' 


._     i I _  fj€^\-^.\ *y. 


RtYsr  Buster 


r^" 


LtH  _P 

T  ^  T 

pUI 

7f 


CoNNEam  Bar 
3? 


y- 


^'^ 5et  Cuppers 


Ut- 


^4§= 


J*  I. 


-?' 


5'^i 


s:t 


'-3f 


3C 


^ 


*}' 


3^. , 


Claw  Bar 
S'6i' 


.h 


fi^ 


2=3^ 


/f     -ToolStetl    ,.-/? 


v 


^l--"-"^' 


Shachu  Bar 


§'5et  Cuppers      Set  TmMMER 


4'8 


CROW  BAR 


^'*  i' Fork  Benches 


y^ei'fiORK  WREHCHES 


Fig.  8.    Tools  for  Steel  Erbction.    Amejucan  Brii>o£  Company. 
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/^v-4 


Eye  boft  to  turn  m  harxf/e^^A.tWfS^j  ^Rings^  /^  Diam 


J  Octagonal  Steei'      _ 


— y\J   a   ashorhkkory, 

'Diam'-^^EyeBoitV^ 


i' Hole  in  head 


(f'$  Ring,4'i>/3m 


CARRYING  Hook 


Clevis.  3'     .li'nl' 
Smau  Timber Homc'^ 

'  '     ■ )  I ■ 


'TII7,.  fTW 


Plats  A 


til  ^^-- •*^— ^ 


!^3! 


Cant  Hook 


H 


Steel  Wedge 


Oak  Wedge 


For  DoM  Nut  Fatsework 


j   i  r-,         i^Yi         ,— ,  !    l/w- 5/hy/e  A4/^ Falsework    !  ■— i  !      ^  /^ 

L^^     z       .^      i  i  z^ 


*5^«yv  Hats ''         STANDARD  FALSEWORK  BoLTS         Square  Head  &  Nat 


D 


Fig.  13.    Tools  for  Steel  Eekction.    American  Bridge  Company. 


TOOLS  FOR  STEEL  ERECTION, 


'olferBoxB 


STANDAUD  6AU6E  PUSH  CA/9 
6"  6" 


\4i''iCore\s\   ,71' t    /'.^  7 


4 


.t^„ 


Wheel  D- 
Rail  Jack  Detajls 


Hoh  For  Hand/e  5  \ 


5> 

4'. 


'•^J^I.^^lJack  ^, 


--♦$•>---•+■ ----4 


Handk6-    ^SfANOA/fO  DooBif  Rah  Jack  Msnt/UG* 

Fic.  14.    Tools  for  Steel  Erkctiok.    American  Bridge  Company. 
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Ouins. — Chains  should  be  made  ol  the  best  grade  o(  double  refined  iron,  and  should  be 
fabricated  with  great  care.  Details  of  a  i-in.  ring  chain;  a  |-in.  hook  chain,  and  of  a  l-ixu  twin 
book  chain,  a«  made  [or  the  American  Bridge  Companyi  are  given  in  Kig.  6,  and  data  on  chains 
are  given  in  Table  VIM. 

Jacks. — Hydraulic  and  power  lifting  jacks  of  the  necessary  capacity  should  be  provided. 

MisceUaneous  Tools. — In  addition  to  the  standard  tocUs  required  by  bridge  carpenters  and 
by  the  blacksmiths  many  special  tools  are  required  by  structural  steel  erectore.  The  most  im- 
portant special  tools  required  in  steel  erection  as  used  by  the  American  Bridge  Company  are 


n* — X 


/V-- 


'••<^JI^I3«I 


..1 


?'-5' 


w?^ 


Steamboat  JACK 


Terry  Oid  Mam 


z'-e" 


^r-^ 


SfiiAR  FOR  CORRUBATfO  SnU  STEAMBOAT  RATCHET 

Fig,  15.    Miscellaneous  Tools  fob  Steel  Erection. 


given  in  Fig.  7  to  Fig.  14.  An  Improved  "old  man"  as  used  by  TcrT>'  and  Tench  is  shown  in  Fig. 
15.  A  corrugated  rolling  shear,  and  a  steamboat  jack  and  a  steamboat  ratchet  are  also  shown 
in  Fig.  15,  The  ypecial  totals  used  by  the  Chicago  Bridge  and  Iron  Company  for  the  erection  of 
elevated  tanks  arc  given  In  Fig.  16  and  Fig.  j/, 

LIST  OF  TOOLS. — The  tooU  required  for  any  job  will  depend  upon  the  size  of  the  work« 
the  numlicr  of  men  employed,  and  upon  local  conditions.  A  complete  list  of  the  tools  that  are 
commonly  used  by  structural  steel  erectors  is  given  in  Table  IX, 

Actual  lists  of  the  tools  used  for  the  erection  of  a  steel  railway  bridge,  a  steel  highway  bridget 
and  a  steel  mill  building  are  given  in  Table  X,  Table  XI,  and  Table  XII,  respectively. 


TtXM-S  FOR  ERECTION  OF  ELEN'ATED  TANKS. 
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w^^^^U 


J  r 


6f5' 


^ 


Wrenches 


AUGER 


\i^ 


4 
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«^     ■-'    ^--- *i  Cotters  Hook 

Spring  Dour,  iVtbdlbs-  fORSNUNS  Dolly- 

Kio.  i6.    Tools  fok  Erection  op  Elevated  Tanks.    Chicago  Budge  &  Iron  Comtanv. 
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7r 


*?h>!  'fHsS 
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2r  I         f 

Backing  Out  Punch,  Wt-  3  lbs- 


Si- 
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/fflA'Z?  ^iWSfi,  Wt'  fi  ibs- 


Hand  Calking  Tool 
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but  point  is  rounded' 


Dfi/FT  Pins 

• 

Piam- 
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i 
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Rivet  Snaps 


-^^-^'Fcri'Rivet.  i" For^'- 
^     '- f For f  Rivet,  ^" Fori"- 

*  ■       'J*      HI- 


Caois  Eyed  Fuller 
Wt-2/bs- 


PiVET  Buster,  Wt-S/bs-  Rivet  HANmn,  Wt-^ilbs-         Hand  Chisel^  Wt-dlbs^ 
Fig.  17.    Tools  for  Erection  of  Elevated  Tanks.    Chicago  Budge  &  Iron  Company. 


^^^^^Ll?^^T)O^^O^ERECTIO^O^mTSjRA^TCn^^^4^^^ 

^^B                                                              TABLE                                                                            ^J 

^^^                              List  or  EREcnos  Tools 

FOR  Stri;ctur.\l  Steel.                                     ^^B 

Americas  Brii>ge  Company. 

1 

NudC 

Natae. 

Adzes. 

Corrugated  Iron  Rivet  Scu. 

Air  Chipper*. 

"     Shears. 

Air  Coraprrsson 

Crabs,  Single  Gear  Iron  FVame  A — Flat. 

Air  Drillj. 

Crabs,  Double  Gear  Iron  Frame  A — Flat. 

Air  Pumps. 

Crabs,  Single  Gear  Wooden  Frame  A — Flat. 

Air  Rcamrrt. 

Crabs,  Double  Gear  Wooden  Frame  A— Fiat. 

Air  Receivers. 

Cutlers.  Handle. 

Aochors. 

Derricks. 

Angle  Bars  for  R.  R.  Rails. 

Derrick  Balls  Overhauling. 

AnviU. 

Booms  (SiccI).  • 

Auger  Biu. 

"        Booms  (Wood). 

Augcrf  (ship)  H  in.  to  i  ^  in. 

"        Boom  Bands,  2  Links. 

Axes. 

"      Foot  Blocks. 

Axes  (Hand). 

"      &  Mast  Angle*. 

Backing  Out  Punchca- 

"      Bearing  Plates. 

Balincc  Beams. 

"      Pins. 

Bars,  Chisel. 

"      Plates. 

Bars,  Claw. 

"        Foot  Blocks. 

Bars,  Connecting. 

*'        Goose  Necks. 

Ban,  Crow. 

"       Gudgeon  Pins. 

Bars,  Pinch. 

"        Masts  (Steel). 

Bellows. 

"       Masts  (Woo,!). 

Biu  for  Braces. 

"        Mast  Band. 

Blackimith  Blowers. 

"       Mast  Band,  one  link. 

BlacksmiLli  Hand  Tools. 

"       Mast  Seat. 

Blocks  (8,  ID,  12,  I+,  i6,  i8)  in.  Sinplc. 

Round  Spiden. 

Blocks  (8,  10.  II,  14,  16,  18)  in.  Double. 

"       Long  Spiden.  Two  Guys. 

Blocks  (14,  16.  18,  ao)  in.,  3  Sheave. 

"           "       One  Guy. 

Blocks,  4  Sheave. 

Diamond  Points. 

Blocks  (8,  10,  12,  14.  16,  18,  20)  in.  (Snatch) 

Dolly  Bare,  Bent. 

Gate. 

"      Qub. 

Blocks  (I,  2,  J.  4t  6)  Sheave,  Wire  Rope. 

"     Goose  Necks. 

Boats  (give  kind). 

"      Heel. 

Boilers  (only). 

"         "     Spring. 

B<jring  Machines. 

**      Straight. 

Braces  (Carpenter), 

Drawing  Knife. 

Branding  Irons. 

Drilling  Machine  (Portable). 

Brushes  (Paint). 

Drift  Pins  (A,  Hi  H»  U)  in.  diameter. 

Brushes  (Wire). 

Drills^  Flat. 

Buckeii. 

Drills  (Stone). 

Car  Axles. 

Drills  (Twist). 

Cars,  Camp. 

Engine  and  Boiler. 

Can.  Dernck. 

Eye  Bolts. 

■ 

Can.  Flat. 

Files. 

1 

Can.  I-evcr. 

Forges  (not  rivet). 

■ 

Can.  Puth. 

Gauges  (Track). 

1 

Can.  Tool, 

Gin  poles  (Wood)  Gas  Pipe,  Shoes. 

■ 

Car  Wheels. 

Grind  Stone. 

■ 

Center  Punches. 

Guy  Clamp*. 

1 

Chaini.  {\.  |.  J,  |)  in.  Hook  &  Rine,  —  ft.  long. 
Chains.  1  in.  Hook  &  Ring,  —  ft.  long. 

Guy  Rods. 

M 

Guy  Wire. 

1 

Chains,  i.  |,  J,  1  in.,  two  rings,  —  (i.  long. 

Hammers  (Chipping). 

H 

Chisels,  Cope. 

Hand  Gouge*. 

H 

Chisels.  Framing. 

Handle  Gouge*. 

H 

Oc  vises. 

Handles — Hammer,  Maul,  Axe,  Adze,  Pick. 

H 

Cold  ChiseU. 

Hatchets. 

J 

H 

Currugated  Iron  Cutien. 

Hook  for  I  Beams — Large,  Medium,  Small. 

^ 

H 

Corrugated  Iron  Dolly  Bar*. 

Hooks.  Cant. 

^ 

H 

'*              "     Hammers. 

Hooks  for  Eye-Bars. 

^ 

H 

"     Punches. 

Hooks.  Girder. 

1 

^^ij 
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Table  IX.— Continued. 


Name. 

Name. 

Hooks  for  Heavy  Chord. 

Reamers— H.  tt,  tt.  lA  "»• 

Hooks  for  holding  oa. 

Reamer  Handles. 

Hooks,  Scaffold. 

Rivet  Busters. 

"       Stringer. 

*     Clamps. 

"       Timber. 

*     Clamp  Hooks. 

Horse  Powers. 

*      Forges. 

Hose,  Air  Drill. 

'     Gouges. 

"     Rubber. 

*     Hammers. 

"     Steam. 

*     Sets  foi— i,  i  i  h  i.  m.  Rivctt  (Hand). 

"     Bands. 

"     Sets  foi— J,  1, 1, 1,  I,  in.  Riveu  (Pneu- 

"    Couplings. 
Jacks,  Hydr.— -Capacity. 

matic). 

Set  Cuppers. 

"      Norton. 

Set  Gouges,  Standard. 

"     Rail,  Double. 

Set  Rivet  Tongs. 

"      Rail,  Single. 

Set  Trimmers. 

"      Steamboat. 

Spikes. 

"      Steamboat  Pull. 

Rollers. 

"      Steamboat  Pushing. 

Roofing  Sets. 

Rope,  Manila— i,  I,  ij,  ij,  1  in. 

"      Screw. 

"      Track. 

Rope  Lashing,  Manila. 
Rope  Slings,  Manila. 

Kettles,  Iron. 

Ladles. 

Rope,  Wire  Hoisting. 

Lag  Screws. 

Saws,  Crosscut. 

Ladders. 

Saws,  Hand. 

Lanterns. 

Saw  Frames,  Hack. 

Levels  (Spirit). 

Saws,  One  Man. 

locks. 

Saw  Scu  (Crosscut). 

Marking  Pot. 

Screw  Drivers. 

Mattocks. 

Shackles. 

Mauls,  Spike. 

Sheaves, — in.  dia. 

Mauls,  Steel  (8,  9,  12,  16,  18,  20)  lb. 

Shovels. 

Nails. 

Squares  (Carpenter). 

Oars. 

Stock  and  Dies. 

Oar  T/vks. 

Stoves. 

Oil  Cans. 

Sulphur  Pot. 

Old  Man. 

Tape  Lines. 

Picks. 

Tarpaulins. 

Pike  Poles. 

Timber  Buggies. 

Pile  Hammers. 

Tool  Boxes. 

"    Driver  Leads. 

"     Steel,  Octagon. 

"    Rings. 

"     Steel,  Round. 

"    Ring  Hooks. 

"     Steel,  Square. 

Pins,  Cotter. 

Traveler  Corner  Irons. 

Pipe  Cutters. 

"        Plates. 

Pipe,  Iron. 

Rods. 

Pipe  Tongs. 

Wheels,  Standard. 

Planes. 

Traveler  Wheels. 

Plumb  Bobs. 

"        Wheel  Boxes. 

Pneumatic  Buckcr-up. 

Travelers  (Wood). 

Pneumatic  Hammer. 

Travelers  (Steel). 

Pump,  Boat,  Galvanized  Iron. 

Tumbuckle  Rods. 

Pump,  Centrifugal. 

Tuverc  Irons. 

"       Force. 

Valves. 

"       Steam. 

Vises. 

Punch,  Hydraulic. 

Wagons. 

Punch,  Screw. 

Wrenches,  Chain. 

Purchase  Rings. 

Wrenches.  Fork— i,  f,  A.  h  in. 

Rails  (SteeO. 

Wrenches,  Key— large,  medium,  tmalL 

Rail  Splice  Plates. 

Wrenches,  Monkey. 

Rail  Buggies. 

Wrenches,  S. 

Rams. 

Wrenches,  Stillson. 

Ratchets. 

Wedecs. 

p 
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TABLE  X. 

m 

■    UsT  OF  Tools  for  Erection  of  Steel  Railroad  Bridge  Consisting  of  Several  75-FT. 

Plate        1 

H              CiRDEKS,  A  180-FT.  Through  Span,  and  an  8o-ft.  Vertical  Lirr  Span,  Inter 

^ 

" 

NATIONAL  Falls,  Minnesota.     Minneapolis  Steel  &  Machinery  Co. 

* 

UUiUlLiLy. 

j                    Name  and  Siic  of  Tool. 

Quiuiiity. 

Name  and  Size  of  Tuul. 

3 

Augers,  Ship,  \\  in. 

Forecs,  Complete. 

2 

Adz. 

Files. 

Axe,  iiand. 

Gouges,  Hand« 

1 
1 

3 

Anvils. 

Ban.  Crow. 

Bart.  Claw. 

Bits,  \  in. 

Boji,  Tool. 

Braces. 

Brushes,  Wire. 

Brushes,  Paint. 

Block,  Steel,  Snatch,  10  in. 

Block,  Steel,  Snatch,  12  In. 

Block,  Steel,  Snatch,  Wire  Rope,  12  in. 

Block,  Steel,  Single,  Wire  Roih-,  12  in. 

Block,  Siccl,  Single,  Wire  Rope,  14  tn. 

Gouges,  Handle. 

Hack  Saws  and  Blades. 

Hammer,  7  lb. 

Hammer,  Claw. 

Hammers,  Blacksmith,  5  lb. 

Handles. 

Hwks,  ScafToId. 

Hose,  Air,  \  in.,  700  ft. 

Hose,  Water,  \  in.  X  50  ft. 

Jack,  Screw,  2)  in.  X  16  in. 

J.ick,  Track. 

,  ack.  Stone. 

jack.  Hydraulic,  15  ton. 

Lanterns. 

■ 

Block,  Steel,  4  Part.  Wire  Rope,  16  in. 
Block,  Sleel,  Double,  Wire  Rope,  l3  in. 

W 

Ixvel. 

Block,  Steel.  Double,  Wire  Rope,  ri  in. 

Man,  Old. 

Block,  Steel,  'I'riple,  Wire  Rope,  12  in. 

Punches,  Backing  Out. 
Punches,  Screw    Frame). 

Block,  Wood,  Snatch,  lo  in. 

1 

Block.  Wood,  Snatch,  I2  in. 

Pipe  Vise. 

1 

Block,  Wood,  Single,  Tackle.  8  in. 

Pick. 

Block,  Wood.  Sinplc,  Tackle,  10  in. 

Drift  Pins,  f  In. 

1 

Block,  Wood.  Single,  Tackle,  12  in. 

Drift  Pins,  }  in. 
Drift  Pins,  f  »n. 

Bi.xk.  Wood,  Double,  Tackle.  8  in. 

Block,  Wood.  Double,  Tackle.  10  in. 

Pail,  Water. 

2 

Block.  W'W.  Duiblc.  Tackle.  12  in. 

2 

Ratchets. 

Block.  Wood.  Triptc.  Tackle,  12  in. 

1 

Receiver,  Air,  30  in.  X  60  in. 

Block,  Wood,  Triple,  Tackle,  14  in. 
Block,  Chain,  5  Ton. 

1.400    fl, 

Rope,  Manila,  t  in.,  7  pieces. 

I 

1.300   ft. 

Rope,  Manila,  li  in.,  5  pieces. 

1.100  Ft. 

Cable.  Wire,  \  in. 

420   ft. 

Rope,  Manila,  3  in.,  i  piece. 

• 

300  ft. 

Cable.  Wire,  t  in. 

(i±Q    ft. 

Rope,  Manila,  2  in.,  I  piece. 

100  ft. 

Cable,  Wire,  j  in.,  galvanized. 
Chaini,  1  in.,  23  ft.  long. 
Chains,  j  !n.,  14  ft.  long. 

375    ft. 
565    ft. 

Rope,  Manila,  3  in.,  1  piece. 
Rope,  Manila,  i  in.,  2  pieces. 

• 

Rope,  Manila.  Lashings. 

Chains,  |  in.,  11  ft,  long. 
Chains,  j  in  ,  12  ft.  long. 

Stock  and  Dies,  Blacksmith. 

Stock  and  Dies,  Pipe. 

12 

Gamps,  Cable,  \  in. 

Snaps,  Rivet,  I  in. 

10 

Camps,  Cable,  2  in. 
Clamps,  Cable.  |  in. 

Snaps,  Rivet,  J  in. 

Snaps.  Rivet.  \  in. 

Clamps,  Rivet. 
Chisels,  Round  Nose. 

Saws,  Cross  Cut. 

Saws,  Hand. 

Chisels,  Cold. 

Shovels.  No.  2. 

Cutters. 

Shovels,  Snow. 

Cant  Hofjks. 

Square 

^ 

Compressor,  Air. 

13 

Shackles 

1 

1 

f>crrick.  12  ton. 

Tnicks,  Dolly, 

1 

1 

I>olly,  Timber. 

Tongs,  Blacksmith. 

■ 

Dollv,  Goose  Neck. 

Tongs,  Heater 

I 

Dolly,  Siraighl. 

Wrenches,  Bndge  }  in. 
Wrenches.  Bridge  t  >n. 

I 

Dolly,  Sprinft. 
Dolly.  Wcdpe. 

1 

Wrenches,  Monkey 

D«»Ily.  Heel. 

Heavy  Traveler,  13  ton  . 

DniU,  Twist.  jMn. 
Drills,  Twist,  fl  'n- 

Rollers,  10  in.  and  12  in. 

Pneumatic  nvcling  guns. 

^^J 

Dnll?,  Twist.  H  in- 

28  in  Turnbuciclcs. 

^^^1 

Drilli.  il  m.  X  4  ft. 

Stoves. 

'^H 

1 

En^nc.  Hoisting. 

27 

J  in.  X  8  in.  Step  bolts. 

] 

L 

3< 

- 

. 

m 
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TABLE  XL 

List  of  Tools  for  the  Erection  of  8o-ft.  Span  Highway  Bridge. 

Minneapolis  StEEL  &  Machinery  Co. 


QuaB- 

Name  aad  Sli«  of  Tool. 

Ouan- 

Nameud  Sue  of  Tool. 

tlty. 

Uty. 

AXM. 

I 

Man.  Old. 

Axes,  Hand. 

Punches,  Backing  out. 

Bits,  1  in.,  1  in.,  \  in. 

Pick. 

BuBtcr. 

Pump. 

Box,  Tool. 

Pins,  Drift,  jj  in. 
Pins,  Drift.  1  in. 

Brace. 

Brush,  Paint 

Pails,  Water. 

Blocks,  lo  in. 

Pile  Driver  Uads. 

Block.  Single  Tackle,  8  in. 

Pile  Driver  Hammer. 

Block,  Single  Tackle,  lo  in. 

Pile  Driver  He^d  Block. 

BlcKka,  Double  Tackle,  8  in. 

Pile  Driver  Nipper 

Chain,  i  in.»  8  ft.  long. 
Chain,  i  in.,  7  ft.  long. 

Ratchet, 

124  ft 

Rope,  XUniU,  i\  in. 

Clamp,  Rivet- 

675  ft. 

Rope,  Manila,  i  in.,  5  pieces. 

Chisel,  Hand. 

Lashings,  15  ft. 

Doily,  Timber. 

Stock  and  Dies,  Blacksmith. 

Drills,  Twist,  tt  in. 

Saw,  Crosscut- 

Files. 

Saw.  Hand. 

Gouges,  Handle. 
Hacksaw  and  Bladca. 

Shovels,  Short  Handle 

Shovels,  Long  Handle. 

Hammers,  7  lb. 

Square. 

W  rench.  Bridge,  J  in. 

Wrench,  Bridge,  {  in. 

Hammers,  Oaw. 

Hammer,  Machine. 

Handles,  30  in. 

2 

Wrench,  Bridge,  i  in. 

Jack  Screw,  1 2  in. 

Wrench,  StilUon.  xo  in 

Level. 

Wrench,  Monkey,  12  in. 

Wheel  Barrows. 

ERECTION  OF  TRUSS  BRIDGES.— Truss  bridge  spans  are  usually  erected  on  falsework. 
The  truss  may  be  crvcted  by  means  of  a  traveler  or  a  derrick  tra\'eler  or  a  derrick  car.  The  usual 
procedure  where  a  traveler  is  used  will  be  briefly  described.  After  the  falsework  and  traveler  are 
ready,  lay  out  the  center  lines  of  the  trusses  on  the  falsework  and  locate  the  positions  of  the  panel 
points.  At  each  panel  ptiint  place  the  necessary  blocking  for  camber.  Then  beginning  at  the 
fixed  end  place  the  jKHlestala  in  position  ancl  place  the  lower  chords  and  the  floorbcams  and  stringers 
in  position  and  distribute  the  pins.  If  the  floorbeams  and  stringers  will  be  in  the  way  they  are 
not  placed  until  they  arc  needed.  The  traveler  is  run  to  the  center  of  the  bridge  and  the  center 
panel  on  each  adc  is  erected.  The  upper  chord  section  is  hoisted  and  held  a  little  above  its  final 
position;  the  posts  arc  raised,  the  diagonals  are  put  in  place  and  the  pins  are  driven,  or  with  a 
HN'eted  truss  the  joints  are  field  bolted  in  about  50  per  cent  of  the  holes.  The  panel  on  the  oppo> 
site  side  is  then  erectcii  and  the  top  lateral  struts  and  bracing  are  put  in  place,  the  fioorlieams  and 
stringers  are  connected  up  and  the  lower  latcml»  are  put  in  place,  so  that  the  center  tower  is  fully 
braced.  Great  care  must  be  used  in  erecting  the  middle  lower  to  see  that  it  is  in  exactly  the 
proper  place.  After  the  center  panel  is  complete  the  traveler  is  moved  toward  the  fixed  end, 
erecting  the  trusses  one  panel  at  a  time.  The  traveler  is  then  run  back  lo  the  center  and  the 
roller  end  of  the  trusses  are  erected.  After  the  span  is  all  connected  up  and  all  connections  art 
properly  bolted  up,  the  blocking  is  knocked  out  and  the  bridge  is  swung  clear.  The  details  of 
erection  vary  with  the  type  of  truss  and  local  conditions  and  the  above  description  is  intended  to 
merely  give  an  idea  of  the  procedure.  Truss  bridges  may  also  be  erected  by  starting  t!ie 
traveler  at  the  fixed  end. 

Where  a  derrick  car  or  a  derritJc  traveler  is  used  the  erection  is  commonly  started  at  the 
fixed  end. 


RIVETING, 


I 


I 


TABLE  XU. 

rJ5T  OF  ErECTIOK  TOOLS  FOR  THB  ERECTION  OF  A  StEEL  MitX  Bun.DtNG  6o  FT.  BY  IJO  FT.  1WTH 

CoRRL'GATEO  Steel  Coveri.vg;  43  ToNs  Steel,  7  Tons  Corrugated  Steel. 
Minneapolis  Steel  &  Machinery  Co. 


QuBJttiiy. 

Name  and  Su«  of  Tool. 

Quantity. 

Name  and  Sbe  of  Tool. 

I 

Axe,  Hand. 

Forge,  Complete. 

4 

Bars,  Crow. 

Gin  Pole. 

4 

Bant.  Conneciing. 

Gouges,  Handle. 

Boi,  Tool. 

Hack  Saw  and  Blades. 

2 

Braces. 

Hammer,  Claw. 

4 

Brushes,  Paint. 

Hammer,  Machine. 

I 

Block.  Steel,  Single,  Wire  Rope, 

Handles,  30  in. 

ID  in. 

Man.  Old. 

1 

Block.  Steel,  Double,  Wire  Rope, 

Punches,  Backing  out. 

10  in. 

6 

Punches,  Corrugated. 

I 

Block,  Wood  Snatch,  lo  in. 

20 

Pins,  Drift,  {  in. 

10 

Block,  Wood,  Single  Tackle,  8  in. 

10 

Pins,  Drift,  J  in. 

8 

Block,  Wood,  Double  Tackle.  8  in. 

I 

Ratchet. 

700  ft, 

Cable,  ^  in.,  3  pieces. 

1,100  ft. 

Rope,  Manila,  \  in.,  8  pieces. 

Chain,      in.,  3  ft.  lung. 

4 

Rope,  Manila,  Lashings. 

Chain,      in.,  8  ft.  long. 
Chain>     in.,  9  ft.  long. 

1 

Stock  and  Dies,  Blacksmith. 

3 

Snaps,  Rivet,  i  in. 

S3 

CUmpi.  Cable,  1  in. 
Clamps.  Cable,  )  in. 

1 

Saw,  Hand. 

1 

Square. 

Clamps,  Rivet. 
Chisels. 

4 

Shackles. 

2 

Snips,  Corrugated. 

Cutlers. 

1 

Tongs,  Blacksmith. 

Crab,  Small. 

2 

Tongs,  Heater. 

Dfjlly,  Timber. 

I 

Tongs,  Pick-up. 

Dolly,  Goose  Neck,  |  in. 

I 

Vise,  Machinist. 

Dolly,  Straight,  |  in. 
Dolly,  Spring,  {  in. 

15 

Wrenches,  Bridge,  }  in. 

20 

Wrenches,  Bridge,  |  in. 

Dolly,  Corrugated  Steel. 
Dolly,  Jam,  t  in. 

8 

Wrenches,  Bridge,  4  in. 

I 

Wrenches,  Bridge,  i  in. 

DrilU,  Twist.  H  in- 

2 

Wrenches,  Monkey. 

I 


In  creeling  the  Municipal  Bridge  over  the  Mississippi  River  at  St.  Louts,  sand  boxes  were 
used  for  camber  blocking  in  the  place  of  the  usual  timber  camber  blo>cking. 

The  threads  of  pins  should  be  protected  by  pilot  nuts  and  pilot  [joints  when  driving.  Details 
of  standard  pilot  nuts  are  given  in  Table  99,  Part  H.  and  of  standard  pilutpoints  in  Table  100, 
Part  II. 

RIVETING. — Field  rivets  may  be  driven  by  hand  or  with  pneumatic  riveters.  Before 
driving  the  rivets  the  parts  lo  be  riveted  must  be  drawn  up  by  means  of  erection  bolt*  so  that  the 
boles  are  fully  matched  and  the  surfaces  of  the  metal  are  so  close  together  that  the  metal  from  the 
rivet  will  not  flow  out  between  the  plates.  The  holes,  are  brought  in  line  and  matched  by  the  use 
of  drift  pins  Fig.  7  and  Fig.  17;  care  should  Ix;  ustnl  not  to  injure  the  metal  with  the  drift  pin. 
If  the  holes  will  not  match  they  should  be  reame<l.  A  gang  for  hand  riveting  consists  of  four 
men,  (l)  a  rivrt  heater,  (2)  a  huclcer-up,  {3)  a  rivet  driver,  and  {4)  a  man  to  catch  and  enter  the 
rivets,  to  assist  in  driving  and  to  hold  the  rivet  set  (snap).  The  hot  rivet  Ls  thrown  by  the  rivet 
heater  with  rivet-pitching  tongs.  Fig.  11:  the  rivet  is  caught  in  a  bucket  or  keg  and  is  put  into  the 
ri*'et  hole  with  the  rivet-sticking  tongs,  Fig.  1 1.  The  rivet  is  then  bucked-up  with  a  dolly,  Fig.  9 
or  Fig.  10.  and  is  upset  with  a  rivet  hammer.  Fig.  7.  After  the  rivet  is  upset  lo  fill  the  hole  a  ri\'et 
act  (snap),  Fig.  7,  is  held  over  the  upset  rivet  and  a  few  blows  with  the  riveting  hammur  completes 
ihc  work.  Field  rivets  are  ordered  with  enough  stoL-k  to  furnish  metal  to  fill  the  hole  and  to 
form  a  perfect  rivet  head.     If  the  rivet  is  too  short,  cither  the  hole  will  not  be  filled  or  the  rivet 
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head  will  be  imperfect.  If  the  rivet  is  too  long  the  rivet  set  (snap)  will  force  the  metal  out  under 
the  edge  of  the  rivet  set  (snap)  making  a  bad  looking  job.  The  rivet  should  be  heated  uniformly 
so  that  it  will  be  upset  for  its  entire  length.    Riveters  prefer  to  use  rivets  with  scant  stock  so  that 
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Fig.  i8.    Derricks  and  Travelers. 

the  rivet  can  be  upset  and  a  perfect  head  formed  with  little  labor.  To  drive  a  rivet  properly  the 
rivet  should  be  upset  by  striking  it  squarely  on  the  end,  as  side  blows  will  upset  the  rivet  without 
filling  the  hole. 
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Where  compressed  air  is  available  a  pneumatic  field  riveter  is  used  for  driving  rivets.  Pneu- 
matic field  rivttcra  are  of  two  types:  (a)  jaw  riveters  that  buck-up  the  rivet  and  form  the  head  as 
in  shop  riveters;  and  (fr)  a  pneumatic  gun  that  is  held  against  the  rivet  by  the  riveter,  the  rivet 
being  bucked-up  with  a  dolly  as  in  hand  riveting  or  with  a  pneumatic  <lolly.     The  pneumatic  gun 
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Fig.  19.    Details  of  Derricks. 


is  more  convenient  and  is  commonly  used.  A  rivet  snap  is  used  in  the  air  gun.  GockI  rivets  can 
Ijc  driven  by  hand,  but  the  wurk  nf  the  pneumatic  riveter  i»  more  uniform  and  most  s|jeci5cations 
for  erection  of  stnictural  steu-l  call  for  its  use.  Several  railroad  bridge  specificatiuna  now 
nnpiire  that  hand  driven  field  ri\Tts  be  calculated  for  unty  four-fifths  uf  the  allowable  sirciucson 
machine  driven  field  rivets.  VVhde  more  rivets  can  l>e  driven  with  an  air  gun  than  by  hand,  ihc 
added  expense  for  air  makes  the  cotit  of  driving  iK'arly  the  same  as  for  hand  driven  rivets. 


470 


ERECTION  OF  STRUCTURAL  STEEL. 


Chap.  XIV- 


DoUys  for  bucking*up  rivets  are  made  ia  many  forms  to  suit  the  different  conditions. 
Straight,  goose-neck,  bent,  heel  and  club  doUys  are  shown  in  Fig.  9,  a  ring  dolly  is  shown  in  Fig. 
10,  and  a  corrugated  iron  dolly  in  Fig.  ii.  Dollys  for  use  in  erectiAg  elevated  tanks  are  shown 
in  Fig.  16.  and  include  the  bar  dolly,  the  heel  dolly,  the  combination  dolly,  and  the  spring  dolly. 

DERRICKS  AND  TRAVELERS.— Derricks  and  travelers  are  made  in  many  different  forms. 
A  few  of  the  more  common  forms  will  be  described. 
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Fig.  20.    Details  of  a  Viaduct  Traveler  akd  a  Steel  Derrick  Car. 


Gin  Pole. — A  gin  pole,  Fig.  18,  is  a  timber  or  steel  mast  with  four  guys  and  a  block  at  the 
top  through  which  the  hoist  line  leads  to  a  crab  bolted  near  the  bottom,  or  the  hoist  line  may 
run  to  the  hoisting  engine.  The  foot  of  a  gin  pole  is  supported  by  timbers  which  are  shifted  with 
bars  or  on  rollers.  The  gin  pole  should  not  be  inclined  more  than  a  few  degrees  from  the  vertical, 
and  care  must  be  used  to  prevent  the  bottom  from  kicking  out  with  heavy  loads.  Gin  poles 
may  be  made  of  timber,  gas  pipe,  or  may  be  built  structural  steel  masts.  Gin  poles  are  not 
commonly  made  longer  than  40  to  60  ft.,  but  a  trussed  gin  pole  120  ft.  long  has  been  used  for 
erecting  elevated  towers.  The  mast  of  a  gin  pole  may  be  built  up  so  that  only  two  guys  are 
necessary,  resulting  in  "  shear  legs  "  as  in  Fig.  18. 

Each  guy  is  fastened  at  its  lower  end  to  a  "deadman"  (a  timber,  or  log,  or  beam  buried  in 
the  ground). 
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of  flood,  it  may  be  necessary  to  use  spread  footings  which  arc  anchored  in  place.  Where  it  is 
practicable  to  obtain  piles  of  sulTicient  tcnKth  they  may  be  used  for  the  full  htright  of  the  falsework. 
The  timber  uswl  in  building  faUrwork  .should  lie  sound,  strong,  free  from  defects  that  will  affect 
its  strength  or  interfere  with  its  use.  Since  the  siruciurc  is  tcmporar>*,  durability  is  not  an 
important  element  in  selecting  timber  for  falsework  unless  it  i«  to  be  used  several  times. 

For  examples  of  timber  trestles,  sec  Chapter  VII. 

Plans  of  typical  four-Iegge<l  falsework  as  used  by  the  American  Dridgc  Company  arc  shown 
in  Fig.  25.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  stringers  arc  used  under  each  rail, 
bents  must  not  be  spaced  over  itt  ft.  centers  for  the  falsework  as  shown. 
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Piles. — ^Timber  piles  may  be  driven  with  a  drop  hammer,  Fig.  26,  or  with  a  steam  hammer. 
A  spoil  roller  pile  driver  with  a  drop  hammer  i;*  shown  in  Fig.  26.  The  hamnior  is  niised  to  tlie 
top  of  the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  the 
pile,  dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depi*nds 
upon  the  weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  the 
leads.  By  catching  the  hammer  as  it  descends  the  o[»erator  can  cushion  the  blow  so  tliat  the  safe 
bearing  power  of  a  pile  as  calculated  from  the  pc-nelration  may  l)0  very  misleading. 

Details  of  a  pile  driver  are  given  in  Fig.  27. 
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Fig.  27.     Oktails  of  Standard  Tn-B  Driver. 
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Fig.  28.    Trav-eler  used  in  Erection  op  Armory,  University  op  Illinois. 


4  Washer  un<hr  lower 
goose  neck; 


\ 


^^ 


n^Pfn^ 


ly Sheave  * 

liShcff       <f^~    <^ 


'b^::^:^::;:?^^^:^^  '^3:5^^  cy7/4's/«./? 


^ 


Eit«.lttv» 


Fig,  ?<).    Stiff-Leg  Derrick  used  on  Erection  Traveler  for  Erection  of  Armory. 
University  of  Illinois.     (Two  of  these  derricks  were  used  on  front  of  traveler.) 
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not  more  than  14  ia.  ia  dbnetcr  at  the  bott.     I^ka  aie  to  be  Kia^thi  aad  soaad.  and  fire  (ram 

defects  aflectinc  their  aticacth  ca  dvabSStT-.     Piles  are  to  be  drivea  iato  hftfd  boCtoai  natil  thry 
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A  track  pile  dnwr  is  tkawu  in  Fig.  J& 

Desicn  of  Pal9e«vik.-^abc«<orfc  sfaodU  be  desicBR!  to  carry  the  Beccaaaiy  loads.    W 
the  falsework  is  reqaiied  to  caxry  traffic  it  sfaooU  be  deiognrd  for  tbc  »aw  allowable  stieaaea 
arc  pennittcd  for  tiaiber  trestles  and  bridges.  Table  V.  Chapter  MI.     Wbcie  the  fabework 
not  carry  traffic  the  allovaUe  utmaau  may  be  fifty  per  cent  in  excess  of  those  pemittcd  fur  penaa 
nent  ttmcttms.    Care  should  be  used  in  the  desiga  to  pcevent  crushing  of  timber  aax»s 
grain.     For  detaib  of  timber  trestles  see  Chapter  VI L 

Traveler  for  Brection  of  Amofy.* — ^The  new  armory  for  the  Uiuveraty  of  Illinois  is  276  ft. 
by  420  it.  in  plan,  the  main  drill  hall  being  covered  by  three^hinsed  arches  with  a  span  ao6  ft. 
centers  of  end  pins,  a  center  height  of  94  ft.  3  in.,  and  are  spaced  26  ft.  6  in.  The  arches  have  a 
horizontal  tie  of  two  4  in.  X  |  in.  bars,  and  afe  braced  together  in  pairs. 

Each  arch  was  shipped  in  eight  segments,  and  the  four  sections  for  each  half  of  the  arch 
were  asaemUed  aiKi  riveted  up  in  horizontal  position  on  the  ground  close  to  their  final  positions. 
One  side  of  tbc  arch  was  then  lifted  into  a  '\*ertical  plane  by  a  two-boom  tra^'eler.  and  its  lower 
end  was  6tted  into  the  shoe  and  the  shoe  pin  dn\'en.  The  truss  was  then  lowered  on  this  pin 
until  its  bead  rested  on  the  ground,  the  arch  segment  being  supported  by  gu>*s  at  the  sidcsw  The 
opposite  segment  of  the  arch  was  then  raised  and  adjusted  in  the  same  way.  The  traveler  was 
then  placed  at  the  center  of  the  arch,  and  the  hoisting  lines  of  the  two  booms  «-crc  attached  near 
the  ends  of  the  two  half-arcbcs.  which  were  then  raised,  tbc  lower  ends  rotating  on  the  shoe  pins. 
The  arrfa  was  then  held  while  the  center  pin  was  driven  and  the  purlins  were  placed  connecting  it 
to  the  adjacent  arch. 

The  traveler,  Fig.  28,  consisted  of  a  steel  lower  about  40  ft,  square  and  33  ft.  high  to  the 
wurking  deck.  On  this  deck  were  tvfo  40-ft.  masts  with  A-frames,  each  carrj'ing  a  90-ft.  boom,  so 
that  tbc  top  of  the  boom  could  reach  about  20  ft.  above  the  top  of  the  arches,  the  maximum 
height  from  the  ground  to  the  hoisting  block  being  125  ft. 

The  traveler  was  supported  on  wood  rollers  on  tracks  of  16  X  16  in.  timbers  about  40  ft. 
apart.  The  upper  part  of  the  traveler  was  compose<l  of  two  stiff-leg  derricks  of  the  tyi»c  shown 
in  Fig.  29,  with  one  stiff-leg  and  one  sill  removed  from  each,  the  masts  being  steppt^d  on  the 
traveler  frame  and  connected  by  bracing  as  shown.  Each  derrick  had  a  lifting  ca|>aeity  uf  15  tons, 
and  was  operated  by  an  engine  of  8  H.  P,,  the  two  engines  being  placed  on  a  platform  on  the 
lowt-r  sills  n(  tht-  traveler  about  2  ft.  from  the  Rround. 

INSTRUCTIONS  FOR  THE  ERECTION  OF  STRUCTURAL  STEEL.— The  McCliniic 
Marshall  Construction  Co.  has  issued  the  following  instructions  to  forrnien. 

In  Order  to  Avoid  Accidents,  as  Far  as  Possible,  be  Guided  by  the  Following: 

X.  See  that  Tour  Equipment  is  SuiBciently  Strong. — It  is  your  duty  to  sec  that  the  equip* 
ment  and  tools  vou  use  fur  each  jjart  uf  the  work  are  sufiidently  strong  to  handle  the  same  safely. 

You  shouln  see  that  the  derricks  you  use  are  amply  strong  for  the  loads  lo  \ic  lifted.  The 
goose  neck  and  gudgeon  pin  are  the  critical  [>otnts  of  a  derrick.  If  you  have  nny  doubt  nlxnit 
the  strength  of  the  goose  neck,  provide  heavy  wire  guys  from  gudgeon  pin  (o  sill  at  baie  of  MtiT 
legs.  Don't  lift  a  ten  ton  load  on  a  five  ton  derrick.  The  same  thing  anplics  to  gin  |»olcs  and 
travelers.  Don't  overload  your  couinment  and  don't  run  any  chances  wnere  life  i<*  cmliuiBenv!. 
Be  careful  not  to  lift  any  l>ut  a  liglit  Wd  on  a  derrick  if  the  length  of  the  boom  exceedfi  nevci^iy 
times  the  least  width  or  thirknciw  of  the  h<*om:  that  if,  if  your  l>oom  is  12  in.  X  14  in.  the  least 
width  is  12  in.,  you  should  not  lift  a  heavy  load  on  this  boom  if  it  is  more  than  seventy  finrt  in 
length. 

•  Engineering  News,  Dec.  11.  1913.    The  strtictural  »t(*el  was  fabricated  and  creeled  and 
travcter  was  designed  by  the  Morava  Construction  Co.,  Chicago,  llHnolt. 
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See  that  travelers  arc  well  and  caix-fully  framed  and  erected,  well  braced  and  capable  of 
withstanding  the  greatest  wind,  and  shtxrks  from  heaviest  loads  that  are  to  be  lifted. 

See  that  the  hooka,  shackles  and  beckets  on  your  blocks  arc  amply  strong,  and  don't  allow  a 
gate  block  to  be  used  without  it  being  closed  and  hooked.  Also  see  that  your  cables  and  chains, 
as  well  as  the  rings  and  hooks  in  the  same,  are  amply  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  cianger  to  men  or  material  by  so  doing.  Cut 
out  the  use  of  manila  line  whenever  possible.  When  you  are  obliged  to  use  it  be  sure  it  is  amply 
strong.  Use  steel  cable  whenever  possiltlc,  as  it  is  safer,  will  last  longer  and  is  cheajx-T  in  the 
long  run.  Be  sure  that  the  guy  cables  for  gin  poles,  derricks,  etc..  are  of  sufBcient  size  to  with- 
stand the  tension  to  come  upon  them.  Also  that  the  cables  are  securely  fastened  by  means  of  a 
suflTicient  number  of  gooti,  strong  clamps  well  fastened,  and  also  that  dead  men  or  other  anchorages 
are  ample,  and  watch  ihem  when  lifting  heavy  loads  to  sec  that  guys  do  not  cut  dead  men  in  two. 
Keep  gin  pole  guys  as  near  at  right  angles  to  each  other  as  possible,  when  only  four  are  used. 

Vou  should  be  careful  to  see  that  the  gas  pipe  or  wooden  scaffold  you  use  is  of  proper  size 
and  strength  for  the  span  and  loads.  U  there  is  any  question  about  the  strength,  test  the  same 
by  applying  several  times  the  load  that  will  come  upon  it.  See  that  plank  you  use  for  scaffolding, 
etc.,  is  the  right  kind  of  wood,  preferably  white  or  yellow  pine,  free  from  knots  and  shakes  and 
plenty  strong,  watching  to  sec  that  it  is  thick  enough  for  the  span  on  which  it  is  used. 

Do  not  put  heavy  loads  on  light  push  cars.  The  frame  is  not  onlv  liable  to  crush  but  the 
shafts,  boxes  or  wheels  may  Ix-nd  or  break,  upsetting  the  load  and  injuring  the  men. 

2.  See  That  Your  Equipment  is  in  Order.^ln  setting  up  your  derricks  sec  thai  they  arc 
plumb,  properly  guyed  and  that  the  splices  are  brought  into  contact  and  bolted  with  tight-fitting 
bolts.  See  that  the  goose-necks  fit  gudgeon  pin  closc-ly  and  are  not  cracked  or  bent  and  that  the 
top  of  stiff-leg  is  tied  down  from  the  goose-neck  to  the  sill  to  prevent  lifting  tendency.  If  the 
timbers  in  the  mast,  boom,  stiff-legs  or  sills  are  rotten,  knotty  or  wind  shaken,  do  not  use  them. 
Sec  that  your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the  mast,  and  if  the  mast  is  of 
wooii  that  the  wood  is  not  rotten  or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as  possible,  as  failure  to  provide  good 
leads  reduces  the  efficiency  of  your  power  and  equipment,  as  well  a^  producing  heavy  wear  on  the 
lines  and  is  a  frequent  cause  of  accidents.  Particular  care  should  be  exercised  in  securing  good 
leads  for  wire  cable  on  account  of  liability  of  breaking  the  individual  wire  strands  by  sharp  t^nds 
or  indirect  leads.  A  broken  individual  wire  is  liable  to  lie  across  and  cut  the  other  wires  of  the 
tabic.  WTicn  you  use  a  wooden  traveler  sec  that  the  timbers  are  all  in  good  condition  and  that 
it  is  erected  plumb  and  scjuare  and  the  joints  are  properly  and  securely  bolted.  More  accidents 
occur  from  the  use  of  xvooden  derricks  and  wooden  travelers  than  from  any  other  cause,  and  for  this 
reason  extreme  care  should  be  exercised  to  see  that  they  arc  in  gotnl  condition  Ix'forc  using  them. 
When  a  traveler  is  used,  see  that  it  is  properly  erected  and  thoroughly  bolted  and  all  sway  and 
bracing  rods  lightened. 

Do  nut  use  an  iron  gin  pole  if  the  sections  are  bent  or  dented  seriously,  or  the  splices  do  not 
clamp  the  pntc  tightly  and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  timber  is  in  good 
condition,  well  spliced  with  good  long  splices  securely  bolted. 

See  that  your  hoisting  engine  is  in  good  order;  that  the  shafts  are  not  bent,  the  dogs,  clutches 
and  brakes,  including  the  friction,  are  in  good  condition  and  working  order.  The  lever  ctm- 
trolling  the  winch  heads  should  be  straight  and  when  thrown  in  should  engage  the  ratchet  fully. 
See  that  winch  head  cannot  slip  off  shaft.  Sec  that  the  boilers  arc  cleaned  frequently  and  kept  m 
good  condition. 

You  should  be  particular  to  sen?  that  gas  pipe  scaffolding  is  not  rusted  on  the  inside  and  that 
it  is  fastened  so  that  it  cannot  roll  or  turn.  Do  not  use  any  plank  or  timber  for  scaffolding  thai 
it*  knotty,  rotten  or  weather  cracked,  and  allow  no  man  to  work  on  scaffold  plank  laid  loose  on 
the  supports.  The  plank  should  be  fixed  so  that  thry  cannot  move  or  slide  endwise,  by  using  drop 
bolts. 

All  cables  should  be  in  good  condition  and  kept  oiled  or  greased  so  that  they  will  not  rust; 
if  they  are  not  in  good  condition,  flo  not  use  them.  All  guy  cablea  should  be  securely  fastened 
by  means  of  a  sufficient  number  of  good  clamps. 

See  that  your  chains  and  the  rings  and  hooks  in  the  same  are  not  worn,  cracked  or  bent 
out  of  shape  and  that  they  are  annrale*!  at  least  onro  every  thrive  months  in  an  annealing  furnace, 
if  you  are  near  one.  or  otherwise  anneal  them  yourself  by  laying  them  down  in  a  straight  line  and 
building  a  good  sized  wood  fire  over  them,  heating  slowly  to  a  cherry  red.  then  co>*er  o\'er  thor- 
oughly with  ashes  and  heated  dr>'  dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt.  In  laying 
the  chains  down  in  a  straight  line  do  not  lay  one  chain  on  top  of  another.  Be  particular  to  eec 
that  the  covering  is  ample  so  that  air  or  moisture  cannot  cool  the  chains  quickly  or  partially. 
This  annealing  should  be  done  on  Saturday  and  chains  not  disturbed  until  Monday.  Chains 
used  fn'tjuently  every  day  should  be  anneaKfl  once  a  month. 

St-e  that  your  bltn  ks  are  in  grxxl  order  and  that  the  beckets,  shackles  and  hooks  are  not 
bent,  cracked  or  out  of  .shape,  and  that  faces  of  blocks  are  in  good  condition,  also  that  the  sheaves 
are  not  cracked  or  the  fiangus  broken. 
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Sec  that  all  button  sets  frivet  sets)  arc  fastened  to  the  air  hammers. 

3.  See  thftt  Your  Equipment  and  Tools  are  Properly  Used. — In  using  a  locomotive  crane  be 
sure  that  your  track  is  pnnx.'rly  ballasted  and  level  and  the  mils  well  spiked  down.  Do  not  lip  a 
load  sitieways  when  the.  locomotive  cmne  is  standing  on  a  curve,  without  using  extra  care.  Use  your 
outti^t^ers  and  rail  clamps  when  lifting  a  heas^  load. 

The  loads  that  a  locomotive  crane  is  cafxible  of  handling  safely  for  each  radius  arc  plainly 
marked  on  the  crane;  don't  attempt  to  lift  heavier  loads  with  the  cnine. 

Sec  that  the  booms  of  locomotixT  cranes,  derrick  cars  or  derricks,  arc  in  first  class  condition. 
If  the  boom  (or  flanges  of  the  boom)  has  been  injured  or  bent,  don't  use  it.  but  rL>pUce  the  broken 
or  bent  part  with  new  material.  Don't  attempt  to  straighten  it,  as  the  material  in  all  probability 
has  been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  danRerous  piece  of  ctiuipmcnt,  for  this  reason  the  greatest 
possible  care  should  be  exrrcise<i  in  handling  the  same.  Don't  allow  any  tnun  on  the  car  or  crane 
cab,  except  the  craneman,  and  keep  workmen  from  under  the  boom,  I>)n't  attempt  to  shift  track  with 
vaur  crane  standing  on  the  same  track,  and  don't  attempt  to  lift  a  maximum  load  with  the  boom 
horizontal. 

You  must  be  especially  careful  in  swinging  boom  sidewise  or  lifting  loads  sidewtne  with  a 
derrick  car  as  your  car  will  upset  unless  you  um:  outri(^ers  or  guys.  Don't  run  chances,  but  lift 
the  lead  straight  ahead  wherever  possible.  See  that  the  boom  on  the  derrick  car  is  tightly  guyed 
at  all  times  with  wire  rope  running  from  end  of  boom  to  sides  of  car.  Never  use  manita  line  for 
(his  purpose,  as  it  will  strctrh  and  your  Uxjm  will  set  away  from  you,  upsetting  the  car.  Use 
adtlitional  guys  to  end  of  hrmm  when  setting  heavy  laids. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car  on  a  curve,  be  sure  that  the  track  Is 
level  and  the  outer  rail  not  elevated  as  is  customary  with  railroad  track. 

Be  very  careful  in  using  a  wiwden  l>oom  extension  or  outriggers,  that  you  do  not  lift  too 
heavy  loads.  The  increased  length  of  the  boom  and  the  weight  of  extension  reduce  the  lifting 
capacity  considerably.  Whenever  possible,  avoid  the  attachment  of  guy  lines  to  railroad  trucks, 
aft  numcmus  arridenls  have  occurred  by  car  running  into  the  guys. 

Hook  OHIO  sheets  or  bundles  of  small  material  so  that  they  cannot  slip  out. 

Don't  allow  men  to  carry  glaze<l  window  sash  on  their  shoultlers  when  the  wind  is  blowing. 

Sec  that  gate  blocks  are  securely  fastenefl  and  that  men  do  not  stand  in  the  "bite"  of  a  line. 

Do  not  use  a  light  gate  block  when  lifting  hea\'y  loads. 

Lines  should  be  run  around  two  winch  heads  when  making  a  hca\'y  lift. 

When  you  use  a  derrick  keet  the  boom  elevated  ab&ir  a  horizontal  line  as  far  as  possible,  as  ten-' 
eraiiy  the  worst  stress  comes  on  the  boom  and  mast  as  well  as  siiff-le^s  or  guy  lines  when  boom  is  in  a 
koriaontal  position.  A  maximum  load  for  the  derrick  should  never  be  lifted  with  the  boom  in  a  hori' 
tcntal  position. 

When  you  use  a  gin  pole  see  that  the  splices  are  well  Ixilted  .ind  the  pole  is  properly  guyed. 
Do  not  lean  the  pole  t"X»  much  when  lifting  a  load  or  moving  the  pole  and  sec  that  the  foot  of  the 
polo  cannot  move  or  slip  except  when  you  desire  to  move  it. 

A  numlxT  of  accidents  have  occurred  through  the  improper  loading  of  push  cars.  See  that 
the  load  is  properly  placed  so  that  it  cannot  roll  or  tumble  over,  especially  going  around  a  curve. 
Do  not  allow  your  men  to  push  on  the  side  of  the  car  with  a  top  heavy  load.  They  should  push 
or  pull  from  the  ends  of  the  piece, 

WTien  you  lift  a  Ixram  or  ginicr  use  scissor  dogs  or  cast  steel  girder  hooks  wherever  possible, 
and  if  you  arc  obliged  to  use  either  onlinary  dogs  or  chains  see  that  wooden  btcK'ks  arc  used  be- 
tween the  chain  or  di>K  and  the  flange  to  prevent  the  girder  from  slipping. 

Avoid  the  use  of  chains  except  for  lifting  light  loads.     Where  you  have  hea\*y  loads  to  lift 

able  slings.  Ix'ing  careful  to  avoid  sharp  Ix-nds  by  ui>ing  rounded  wtKnlen  blix'ks  V>etween 
wnd  lo,itl.  Don't  put  too  many  (xirts  of  lathing  into  a  h*K>k  as  by  doing  so  you  are  liable  to 
open  up  the  hrrok.      Sec  that  expi"jficd  p»irls  of  iLingerouN  machiner>'  are  pniperly  covered. 

4.  Be  Orderly,  Careful. — Sec  that  your  work  is  carried  on  in  an  orderly,  careful  manner. 
See  th;it  material  is  unloaded  and  piled  in  an  orderly,  careful  way  so  that  it  cannot  fall,  turn 

or  Ik*  blown  over. 

Unless  necessary,  do  no  hoist  any  material  to  a  structure  until  you  are  ready  to  put  it  into 
pomtion  and  properly  fasten  it.  In  ciLses  where  you  do  hoist  material  to  the  structure  before 
ptitting  it  in  its  nnal  position,  see  that  tt  is  piled  in  .in  orderly  way  so  that  it  cannot  turn  or  roll 
over  when  a  man  steps  on  it. 

Don't  let  t'xjis  or  equipment  such  as  N»U«,  nut«,  drift  pins,  lil(x:ks,  dolly  bars,  etc.,  lie  around 
•o  that  ihey  can  Iw  knr>ckrd  off  the  wi>rk  or  sr>  th.it  any  one  can  fall  over  them.  Keep  every- 
thing orderly  and  in  shipshape  and  allow  nothing  to  lie  around. 

5.  Be  Vigilant. — You  must  uac  vigilance  and  l>c  on  the  job  practically  all  the  time  to  see 
ihar  your  men  arc  carrying  out  your  instructions;  that  tfiols  and  enuipment  are  in  fit  condition 
for  the  work  and  that  tney  are  handling  the  work  carefully  and  intelliKcntly. 

Be  careful  and  insist  on  the  men  under  you  being  careful,  and  do  not  allow  any  one  who  it! 
reckless  and  careless  to  work  for  you. 
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Whenever  any  question  as  to  the  safety  of  equipment  or  tools  or  the  work  which  you  are 
erecting  is  brought  to  your  aitcntiim  by  any  of  the  mtii  under  you  or  iiihers,  investigate  the 
same  and  satisfy  yourself  of  the  safety  of  the  same  before  proceeding  further.  If  you  arc  satU&ed 
the  work,  equipment  or  itMils  are  not  saff.  put  them  in  u.  safe  condition  titmiediately. 

6.  See  that  Proper  Instmcdon  is  Given  Employees. — Call  attention  of  men  to  any  dangerous 
conditions  on  the  job  so  that  they  can  be  on  the  lookout.  Vour  faithful  attention  to  this  matter 
is  to  the  interest  of  employee  and  employer  alike. 

7.  Unfit  Condition. — You  must  see  that  every  employe  under  you  is  in  proper  physical  con- 
dition. They  should  be  strong,  temperate,  clear-headed,  with  good  eyesight,  good  hearing,  and 
not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  hae  been  drinking  or  drinks  during  working  hours 
or  who  is  sick  or  in  unfit  condition.  A  man's  mind  is  not  clear  who  is  at  all  under  the  influence 
of  Uquorand  thus  endangers  his  own  and  fellow  workmen's  lives.     Don't  employ  ignorant  persons- 

Don't  employ  any  one  under  eighteen  years  of  age  and  preferably  no  one  under  twenty-one. 
Those  employed  between  the  ages  of  eighteen  and  twenty-one  should  be  strong,  sober,  healthy 
boys  who  desire  to  learn  the  business.  You  must  secure  a  written  ixrrmit  from  the  parents  erf 
all  boys  under  twenty-one  years  of  age.  authorizing  you  to  employ  them.  Forms  for  this  purpose 
will  be  sent  you.  The  character  of  this  business  is  such  that  a  workman  should  be  strong  and 
sound  in  body,  temperate  in  habits,  clear  and  alert  in  mind,  to  avoid  accidents. 

8.  Use  Judgment. — You  must  use  judgment  in  assigning  men  to  do  certain  work  and  sec  that 
they  are  cai>able  and  exijerienced  in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgcmcn.  ami  should  stand  in  a  position  where 
they  can  be  seen  by  the  men  at  the  hoisting  engine  and  those  connecting  the  work.  Signals 
should  be  clearly  understood.  Use  none  but  good*  careful,  experienced  locomotive  craoemcnr 
derrick  car  men,  and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing  an  inexperienced  man  to  do'the  work  where  experience 
counts.  Educate  the  men  up  to  their  work.  Don't  throw  too  much  on  inexperienced  men  all 
at  once.  You  should  sec  that  the  pusher  and  men  use  proper  tools  to  do  the  work  and  handle 
same  proijerly.  Don't  allow  your  men  to  work  on  crane  runway  when  cranes  are  in  motion. 
Don't  allow  men  to  work  on  scaffold  that  you  would  not  work  on  yourself.  Where  there  are 
heavy  pieces  to  be  lifted  sec  if  the  weight  is  marked  on  the  piece;  if  not,  get  the  weight  from 
the  invoice  and  mark  it  on.  calling  pusher's  attention  to  it. 

9.  Do  Not  Allow  Men  to  Work  in  Perilous  Places. — You  must  see  th.it  your  men  arc  not 
exposed  to  extremely  hazardous  conditions  and  that  they  are  not  allowed  to  work  in  extremely 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places  where  there  is  imminent  danger. 
Bo  careful  not  to  allow  men  to  work  on  the  roofs  of  buildings  when  there  is  frost,  ice  or  snow 
on  the  same,  without  taking  extreme  precautions.     The  same  applies  to  other  steel  structures. 

10.  See  That  Workmen  Obey  Following  Rules. 

o.  Doo't  Be  Reckless. — More  accidents  occur  through  recklessness  than  any  other  cause. 
Don't  walk  on  rods.     Don't  ride  a  load.     Don't  ride  on  a  lixromotive  crane. 

b.  Don't  Be  Careless. — Look  where  you  step  and  be  sure  that  on  what  you  step  is  safe  and 
secure.  Don't  step  on  ends  of  loose  plank.  Don't  start  to  slide  down  a  line  unless  you  are  sure 
the  ends  are  fastened. 

c.  Be  Orderiy, — Do  whatever  you  do  in  an  orderly,  careful  manner.  Pile  material  so  that 
it  cannot  roll,  fall,  tumble,  or  be  blown  over.  Don't  let  tools  or  equipment  such  as  bolts,  nuts, 
drift  pins,  blocks,  dolly  bars,  etc.,  lie  around  so  that  they  can  be  knocked  olT  the  work  or  so  that 
any  one  can  fall  over  them. 

d.  Unfit  Condition. — Don't  go  to  work  if  you  have  been  drinking  or  do  not  feel  well.  If  you 
are  lame  or  have  any  defect  in  hearing  or  eyesight  you  should  not  work  at  this  business  as  by  so 
doing  you  endanger  your  own  and  fellow  workmen's  lives.  If  you  are  inexperienced  in,  or  un- 
suited  for  the  work  to  Iw  done,  don't  undertake  it. 

e.  Be  Vigilant. — Watch  what  you  are  doing.     Don't  stand  or  work  tmder  a  load.     Don't 
in  the  "bite"  of  a  line  nor  stand  in  front  of  a  snatch  block.     Don't  work  on  or  about  a  crane 

runway  when  the  crane  is  in  use  unless  there  is  a  stop  between  you  and  the  crane. 

/.  Don't  Use  Unfit  Tools. — Be  sure  the  to<i!s  and  equipment  you  use  arc  in  good  working 
order.     If  they  arc  not,  don't  use  them.     Don't  work  with  men  who  don't  observe  these  rules. 


SPECIFICATIONS  FOR  THE  ERECTION  OF  RAILWAY  BRIDGES.* 


I 


I 


AmEUCAX    RaILWAT    ESGtNEEUMG   ASSOCIATIOM. 

I.  Wortc  to  be  Done. — The  Cootractor  sh^ll  crecc.  n\-et  and  adjust  all  metal  work  in  pbce 
cxMnpSete.  and  pcHonn  all  other  iroric  berciBafter  specified. 

3.  PIfnt. — The  Contractor  sfaaU  provide  all  tools,  machiner>'  and  appUanoes  necessary  for 
tbc  expeditious  handUns  °^  the  vork,  including  drift  pias  and  fiitioK  up  bolts. 

3.  Falsevock. — The  method  of  erection  ainl  pUns  for  faUevork  and  erection  cquipmeuE 
shall  be  subject  to  approval  by  the  Engineer,  but  such  approval  shall  not  cvlieve  the  Contractiv^ 

from  any  responsfbility.     Falsework  will  be  buOt  by  f False  woe  M 

material  of  every  character  will  be  provided  by  the  t •• 

The  temporary  structure  for  use  durii^  erection  and  for  maintaining  the  trafik:  shall  be 
properly  designed  and  substantially  constructed  for  the  loads  which  will  come  upon  it.  All  bents 
shall  be  thoroughly  secured  against  movement,  both  tiansvcndy  and  kxigitudiaally.  The  bents 
shall  be  well  secured  against  settling,  and  piles  used  wherever  firm  bottom  cannot  be  obtaixked* 
Upon  oompleti'jn  of  the  crecti«>n,  the  temporary-  structure,  if  the  property  of  the  Railwav  Company^  1 
shall  be  removed  without  unnecessary'  damage  and  neatly  pikd  near  the  site  or  loaoed  on  can^,l 
as  may  be  directed.  If  the  property  of  the  Cootractor,  it  shall  be  removed  in  a  manner  subject 
to  the  approval  of  the  Engineer. 

Falsework  (4aced  by  the  Railway  Company  under  an  old  stmcture  or  for  carrying  traffic^j 
may  be  med  as  far  as  practicable  by  the  Contractor  during  erection,  but  it  shall  not  be  unncce»»] 
sanly  cut  or  wasted. 

4.  Conduct  of  Work. — The  work  shall  be  prosecuted  with  sufficient  force,  plant  and  et^uip- 
ment  to  expedite  its  completion  to  the  utmost  extent  and  in  »uch  a  manner  a»  to  be  at  all  tmiies 
subordinate  to  the  use  of  the  tracks  by  the  Railway  Company,  ami  so  as  not  10  interfere  with  the^i 
work  of  other  cootractors,  or  to  dose  or  obstruct  any  thoroughfare  by  land  or  water,  except  i 
under  proper  authority.  ] 

Reasonable  reduction  of  speed  will  be  allowed  upon  request  of  the  Contractor. 

Tracks  shall  not  be  cut  nor  shall  trains  be  subjected  to  any  stoppage  except  when  specifically  J 
authorixed  by  the  Engineer.  ] 

The  Cootractor  shall  protect  traffic  and  his  work  by  flagman  furnished  by  and  at  the  cxpciueJ 
of  the  Railway  Company.  The  Contractor  shall  provide  competent  watchmen  to  guard  the  worU 
and  material  against  injury. 

5.  Engine  Service. — if  under  the  contract,  work  train  or  engine  service  is  furnished  the 
Contractor  free  of  charge,  such  service  shall  consist  only  in  unloadif^  materials  and  in  trans- 
ferring the  same  from  a  convenient  siding  to  the  bridge  site.     Other  engine  ser\'ice  shall  be  paid 

for  by  the  Contractor  at  the  rate  of  $ per  day  per  engine,  the  time  to  include  the  time 

neocssary  for  the  engine  to  come  from  and  return  to  its  terminal.  When  engine  service  »  desired 
the  Contractor  shall  give  the  proper  railway  officials  at  least  ^4  hours*  advance  notice  and  the 
Railway  Company  will  furnish  the  service  as  promptly  as  possible,  consistent  with  railroad 
operations. 

When  derrick  cars  are  used  on  main  tracks,  their  movements  shall  be  in  charge  of  a  train 
crew,  and  the  expense  of  the  crew  and  any  engine  service  other  than  as  noted  above  shall  be 
charged  to  the  Contractor. 

6.  Transportation.— Wlien  transportation  of  equipment,  materials  and  men  is  furnished 
free  over  the  Railway  Company's  line,  it  shall  be  subject  to  such  conditions  as  may  be  stated 
in  the  contract. 

7.  Masonry. — ^The  Railway  Company  will  furnish  all  masonry  to  correct  lines  and  elevations, 
and  unless  otherwise  stated  in  the  contract,  will  make  all  changes  in  old  ma«Dnr>*  without  un- 
necessarily impelling  the  operations  of  the  Contractor.  The  Railway  Cornpany's  engineers  will 
establish  lines  and  elevations  and  assume  responsibility  therefor,  but  the  Contractor  shall  com- 

Sre  the  elevations,  distances,  etc,  shown  on  plans,  with  the  masonry  as  actually  constructed  as 
•  as  practicable,  before  he  assembles  the  steel.     In  case  of  discrepancy., he  shall  immediately 
notify  the  Entjincer. 

8.  Handling  and  Storing  of  Materials. — Cars  containing  materials  or  plant  shall  be  promptly 
unloaded  upon  deliver^'  therefor,  and  in  case  of  failure  to  do  so  the  Contractor  shall  be  liable  foe 
demurrage  charges.  Material  shall  be  placed  on  skids  above  the  ground,  laid  so  as  not  to  hold 
water,  and  stored  and  handled  in  such  a  manner  as  not  to  he  injured  or  to  interfere  with  railroad 
operations.  The  exiHrnse  of  rviwinng  or  replacing  material  damaged  by  n»uijh  handling  »hall  be 
charged  to  the  Contractor.  The  Contractor,  while  unloading  and  storing  material,  shall  compare 
each  piece  with  the  shipping  list  and  promptly  report  any  shortage  or  injury  discovered. 

•  Adopted,  Am.  Ry.  F.ng.  .\s«oc..  Vol.  13.  iQtj,  pp.  83-87.  <>35-045- 
t  Insert  "Railway  Company"  or  "Contractor."  as  the  case  may  be. 

•  4S3 


484 


ERECTION  OF  STRUCTURAL  STEEI„ 


I 


9.  Maintenance  of  Traffic — When  traffic  is  to  be  maintained  it  will  be  carried  on  in  such  a 
manner  as  to  interfere  as  little  a^  practicable  with  the  work  of  the  Contractor. 

Changes  in  the  supporting  structure  or  tracks  required  during  erection  shall  be  at  all  times 
under  the  direct  control  and  suix'rvision  of  the  Railyray  Company. 

10.  Removal  of  Old  Stnicture.^Unless  otherwise  specified,  metal  work  in  the  old  structure 
shall  Ih.'  dismantl-'il  without  unnL-cessary'  damage  and  loaded  on  cars  or  neatly  pilc*d  at  a  site 
immediately  adjacent  to  the  tracks,  and  at  a  convenient  grade  for  future  handling,  as  may  be 
directed.  When  the  structure  is  to  be  used  elsewhere  all  parts  will  Ix:  matchmarked  by  the 
Railway  Comi»any;  when  the  old  bridge  is  composed  of  several  spans  the  {xirts  of  each  shall  be  kept 
separate. 

It.  Metal  Work.^Material  shall  be  handled  without  damage.  Threads  erf  all  pins  shall  be 
protected  by  pilot  and  driving  nuts  while  being  driven  in  place. 

Light  drifting  will  Iw  permitted  in  order  to  draw  the  parts  together,  but  drifting  for  the 
purpose  of  matching  unfair  holes  will  not  be  permitte<l.     Unfair  holes  shall  be  reamed  or  drilled. 

Nuts  on  pins  and  on  b'>lts  remaining  in  the  structure  shall  be  cflectively  locked  by  cbeckix^ 
the  threads. 

All  splices  and  field  connections  shall  be  securely  bolted  prior  to  riveting.  WTicn  the  parts 
are  require  J  to  carry  traffic,  important  connections,  such  as  attnchmcnts  of  Btringers  and  noor- 
beams,  shall  ha\*e  at  least  fifty  (50)  per  cent  of  the  holes  fillefl  with  N>Us  and  twmty-five  (25)  per 
cent  with  drift  pins.  All  tension  splices  shall  be  riveted  up  complete  before  blocking  is  remnf\'ed. 
When  not  carrying  traffic,  at  least  thirty-three  and  one-third  (33  i)  per  cent  of  the  hok?s  shall  have 
bolts. 

Riwts  in  splices  of  compression  members  shall  not  be  driven  until  the  members  shall  tiat-e 
been  subjected  to  full  dead  load  stresses.  Rivet*  shall  be  driven  tight.  No  recupping  or  caulking 
will  be  permitted.  The  heads  shall  be  full  and  uniform  in  size  and  free  fmm  fins,  concentric 
and  in  fuM  contact  with  the  metal.     Heads  shall  fjc  i>aintcd  immediately  after  acceptance. 

Ri"_*ts  shall  be  uniformly  and  thon>ughly  heate<l  and  no  burnt  rivets  shall  be  driven.  All 
defective  rivets  shall  be  promptly  cut  out  and  redriven.  In  removing  rivets  the  surrounding 
metal  shill  not  be  injured;  if  necessary,  the  rivets  shall  be  drilled  out. 

13.  Misfits. — Correction  of  minor  mibfita  and  a  reasonable  amount  of  reaming  shall  be  con- 
sidered as  a  Itrgitimate  jxirt  of  the  erection. 

Any  error  in  shop  work  which  prc-%'cnts  the  proper  assembling  and  fitting  up  of  parts  by  the 
moderate  use  of  drift  pins,  and  a  moderate  amount  of  reaming  and  slight  chipping  or  cutting, 
shall  be  immediately  re|3orted  to  the  Engineer  and  the  work  of  correction  done  in  the  presence  of 
the  Engineer,  who  shall  check  the  time  expended.  The  Contractor  shall  render  an  itemized  bill 
for  such  work  of  correction  for  the  appn^viil  of  the  Engineer. 

13.  Anchor  Bolts. — Holts  for  all  anchor  btilts,  except  where  bolts  are  built  up  with  the 
masonry,  shall  Ix^  drilled  by  the  Contractor  after  the  metal  is  in  place  and  the  bolts  shall  be  scl 
in  Ponlan'l  cement  grrjut. 

la.  Bed  Plates. — Reil  plates  resting  on  masonry  shall  be  set  level  and  have  a  full  even  bearing 
over  their  entire  surface;  this  'ihall  be  attained  by  either  the  use  of  Portland  cement  grout  or 
mortar,  or  by  tightly  ramming  in  rust  cement  under  the  bed  plates  after  blocking  them  accurately 
in  position. 

15.  Decks. — The  * will  frame  and  place  the  permanent  timber  deck. 

16.  Painting. — The  paint  will  be  furnished  by  • and  shall  be  of 

such  color,  quality  and  manufacture  as  may  be  bpecifierl. 

Surf.iees  inacre*rfihle  after  cxpctton,  such  as  bottoms  of  base  plates,  top»  of  stringers,  etc., 
shall  receive  two  coats  of  paint,  allowing  enough  time  between  coats  for  the  first  coat  to  dr>'  bt-fore 
applying  the  secqnd.  No  f»aint  shall  be  applied  in  wet  or  freezing  weather,  nor  when  the  surface 
of  the  metal  is  damp.  Painting  shall  be  done  in  goofl  and  workmanlike  manner,  subject  to  strict 
inspection  during  progrcss  and  after  completion,  and  in  accordance  with  special  instructions 
which  shall  Iju  given  by  the  EnginetT.  All  metal  shall  be  thor  uyhly  cleaned  of  dirt,  rust,  Icxjse 
scale,  etc..  bi'fore  the  piint  is  applied. 

17.  Clearing  th*  Site. — Tne  Contractor,  after  completion  of  the  work  of  erection,  shall 
remove  all  old  material  and  debris  resulting  from  his  operations  and  place  the  pn^'mlscs  in  a  neat 
condition. 

18.  Superintendence  and  Workmen. — During  the  entire  progress  of  the  work  the  Contractor 
shall  have  a  comjwtent  *.up«.Tintcndi-'nt  in  pers<inal  charge  and  shall  empl<iy  only  skillrd  and 
competent  workmen.  Instructions  given  by  the  Engineer  to  the  Superintendent  shall  be  carried 
out  the  same  as  if  given  to  the  Contractor.  If  any  of  the  Contractor's  employes  by  unseemly 
or  boistmiuis  conduct,  or  by  incompetency  or  dishonesty,  show  unfitness  for  employment  on  ihr 
work,  they  shall,  upon  instructions  from  the  Enpineer.  Ik*  discharged  from  the  work,  nor  there- 
after be  employed  u[>on  it  without  the  Engineer's  consent. 


•  Insert  "Railway  Company"  or  "Contractor,"  as  the  case  may  be. 
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19.  Inspection. — ^Tbe  work  of  crcctioa  shall  at  all  times  be  subject  lo  tlie  inspcctioa  and 
•ptanre  of  the  Engineer. 

2u.  Engineer. — The  term  "Engineer.**  as  used  herein,  shall  be  understood  to  mean  the 
Chief  EngintxT  ut  the  Railway  Company,  or  his  accredited  repnriiiCiitalive. 

INSTRUCTIONS  FOR  THE  INSPECTION  OF  BRIDGE  ERECTION* 

(i)  Study  and  observe  the  plans  and  specificatioos  for  steel  construction.  Study  the  masonry 
plans  and  check  the  nuuuory  as  built  with  the  s^ecl  plans. 

(3)  Familiari/e  yourself  with  the  local  conditions  affecting  erection. 

Make  the  aci^uaintance  o(  the  principal  men  engaged  upon  the  work  and  of  kxad  residents 
whose  intere^s  may  be  affected  thereby. 

(3)  Obtain  and  study  carefully  the  time  table  and  be  wcH  posted  concerning  the  time  when 
regular  and  extra  trains  arc  due  and  their  rvbiivc  importance.  Acquaint  yourseU  with  all  ^xxnal 
traffic  arrangements,  made  because  of  the  work  in  hand. 

(4)  Secure  full  information  conocming  the  corkditions  of  the  work  in  the  bridge  shop  and  the 
probable  dates  uf  shipment. 

(5)  Obtain  rcportft  of  any  uncompleted  or  errooeous  work  that  must  be  attended  to  after 
aiTt\'al  of  the  material  in  the  field. 

(6)  Study  the  erection  program  in  order  to  avoid  delays  and  be  able  to  recommend  some 
other  procedure  in  an  emersency. 

(7)  Endeavor  to  have  full  pnrparations  made  before  disturbing  the  track  so  thai  the  erection 
may  oniceed  rapidly  and  the  period  of  such  disturbance  be  made  a  minimum. 

(8)  Keep  a  record  of  the  arrival  of  all  materials.  The  coninurtur's  rucurd  should  be  sufficient 
if  available.  Strive  to  anticipate  any  shortage  of  material  and  u»  all  available  facilities  to  hasten 
delivery  of  the  needed  parts. 

(9)  Study  the  progress  of  the  work  ai>d  determine  whether  it  is  likely  lo  be  completed  in  the 
tisne  allotted.  If  not,  endeavor  to  secure  such  additions  to  the  force  and  equipment  as  uill  insure 
such  completion. 

(to)  .Make  a  daily  record  of  the  force  employed  and  the  distribution  of  labor,  in  a  way  that 
wilt  assist  in  fuUov'ing  daufics  9  and  23. 

(n)  Exercise  a  constant  super\'ision  of  any  temporary  structure  or  falsework  and  make 
soundings  if  necessary  with  the  purpow;  of  discovering  any  evidence  of  failure  or  lack  of  safety 
and  having  it  corrected  before  damage  is  done.  EiLOmine  erection  equipment  with  a  view  to  its 
safety  and  adequacy. 

(w)  Be  constantly  on  hand  when  work  b  in  progress  and  note  any  damage  to  the  metal, 
failure  to  conform  to  the  speci6cation  or  any  especial  diffirulty  in  assembling. 

(13)  .Make  sure  that  each  member  of  the  structure  is  placed  in  its  proper  position.  If  match 
marks  arc  u«rd,  examine  them  with  care. 

Endeavor  to  have  the  several  members  assembled  in  such  order  that  no  Unaatisfactrtry  make- 
shifts Deed  be  resorted  to  in  gctiins  some  minor  meml^er  in  place. 

(la)  Prevent  anjr  abuse  or  rough  usagt;  of  the  material.  Bending,  straining  and  heavy  pound- 
ing with  sledges  are  included  in  such  abuse. 

(15)  Watch  carefully  the  use  of  filU-rs.  washers  and  threaded  members  to  see  that  they  are 
neither  omitted  nor  misused. 

(16)  Make  certain  that  alt  parts  of  the  structure  are  properly  aligned  and  that  the  requirrd 
camt>er  exists  tiefurv  riveting.  It  h  possible  for  a  structure  to  be  badly  distorted  although  the 
rivet  holes  are  well  filh-d  with  the  bolts. 

{17)  Watch  the  heating  of  rivets  to  insure  against  o\-erheating  and  lo  make  sure  that  scale 
is  removed. 

Examine  and  test  carefully  all  field-driven  rivets  and  have  any  that  are  Wkmc  or  imperfect 
replaced. 

^  Have  cut  out  and  replaced  all  rivets,  whether  dtop-driven  or  field-driven,  that  may  be  IrxMencd 
during  en-ction  and  ri'vcting. 

Pre\*ent  injur>'  to  metal  while  removing  rivets. 

(i8)  Present  to  the  contractor  at  once  for  hi^  attention  any  violation  of  the  specifications 
or  contract,  and  •secure  a  correction  or  refer  the  matter  to  the  proper  authorities  as  soon  as  possible. 

(19)  Keep  informed  ronrerning  the  use  of  Comfanv  material  and  work  trains  aild  assist 
m  procuring  ^uch  material  and  trains  when  needed,  and  prt-<»erve  a  record  thereof. 

(20)  Secure  a  match-marking  diagram  of  any  old  Btruciure  to  he  removed  and  see  that  earh 
part  of  such  structure  Is  properly  marked  in  accordance  therewith.  Make  a  recorrl  of  the  tnanner 
of  rutting  the  old  structure  apart  and  report  any  rtamage  to  the  members  of  the  old  structure, 

•  Am.  Ry.  Eng.  Assac,,  Vol.  14,  p.  90. 
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Indicate  by  sketches  or  otherwise  such  repairs  or  replacement  as  will  be  found  necessary  in  re- 
crection. 

(31)  Secure  photographic  records  of  progress  and  the  important  features  of  the  work  where- 
ever  practicable. 

(22)  Make  a  record  of  flagging  of  trains,  whether  performed  for  the  benefit  of  the  Contractor 
or  otherwise,  delays  to  trains,  personal  injuries,  and  accidents  of  every  kind. 

(23)  Make  reports  as  directed,  showing  the  progress  of  the  work,  the  size  of  the  force  and 
the  equipment  in  use. 

Make  a  final  report  showing  the  cost  of  labor  of  erection  per  ton  of  material  erected,  the 
cost  of  labor  per  rivet  in  riveting,  the  cost  of  correcting  errors  in  design  and  fabrication  and  com- 
menting on  the  design  and  details;  and  give  such  other  information  as  may  be  useful  in  planning 
similar  work. 


I 
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CHAPTER  XV. 
Engineering  Materials. 

IROK  AND  STEEL.— The  following  definitions  were  adopted  by  the  Committee  on  the 
Uniform  Nomenclature  of  Iron  and  Steel  of  the  International  Association  for  Testing  Materials, 
Scptcmlxrr.  1906. 

Cftst  Iron. — Iron  containing  so  much  carbon  or  its  equivalent  that  It  is  not  malleable  at  any 
temperature.  The  committee  recommends  drawing  the  line  between  cast  Iron  and  steel  at  2.20 
per  cent  carbon. 

Pig  Iron. — Cast  iron  which  has  been  cast  into  pigs  direct  from  the  blast  furnace. 

Bessemer  Pig  Iron. — Iron  which  contains  so  little  phosphorus  and  sulphur  that  it  can  be  used 
for  conversion  into  steel  by  the  original  or  acid  Bessemer  process  (restricted  to  pig  iron  containing 
not  more  than  o.io  per  cent  of  phosphorus). 

Basic  Pig  Iron. — Pig  iron  containing  so  little  silicon  and  sulphur  that  it  is  suited  for  easy 
conversion  into  steel  by  the  basic  open-hearth  process  (restricted  to  pig  iron  containing  not  more 
than  1. 00  per  cent  of  silicon). 

Gray  Pig  Iron  and  Gray  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  the  iron 
itself  is  nearly  or  quite  conreah-H  by  graphite,  so  that  the  fracture  has  the  gray  color  of  graphite. 

White  Pig  Iron  and  White  Cast  Iron. — Pig  iron  and  cast  iron  in  the  fracture  of  which  little 
or  no  graijhitc  is  vi»iljlc,  so  that  the  fracture  is  silvery  and  white. 

Malleable  Castings. — ^Cnstings  made  from  iron  which  when  first  made  is  in  the  condition  of 
cast  iron,  and  is  made  malleable  by  subsequent  treatment  without  fusion. 

Malleable  Pig  Iron. — An  American  trade  name  for  the  pig  iron  suitable  for  converting  into 
mallealjlc  castings  through  the  process  of  melting,  treating  when  molten,  casting  in  a  brittle  state, 
and  then  making  malleable  without  remelting. 

Wrought  Iron. — Slag-bearing,  malleable  iron,  which  docs  not  harden  materially  when  suddenly 
cooled. 

Steel. — Iron  which  is  malleable  at  least  in  some  one  range  of  temperature  and  in  addition  is 
either  (a)  cast  into  an  initially  malleable  mass;  or,  fb)  is  capable  of  hardening  greatly  by  sudden 
cooling :  nr,  (r)  h  both  so  cast  and  so  capable  of  hardening. 

Open-hearth  Steel. — Steel  made  by  the  opcn-hcarth  process,  irrespective  of  carbon  content. 

Bessemer  Steel. — Steel  made  by  the  Bessemer  process,  irrespective  of  carbon  content. 

Blister  Steel. — Steel  made  by  carburizing  wrought  iron  by  heating  it  in  contact  with  car- 
bonaceous matter. 

Crucible  SteeU — ^Steel  made  by  the  crucible  process,  irrespective  of  carbon  content. 

Steel  Castings. — Unforgcd  and  unrolled  castings  made  of  Bcs-semer,  open-hearth,  crucible 
or  any  other  steel. 

Alloy  Steels. — Steels  which  owe  their  properties  chiefly  to  the  presence  of  an  element  other 
than  carbon. 

Clasaiflcation  of  Iron  and  SteeL — The  limits  of  carbon,  the  specific  gravity  and  properties 
of  iron  and  steel  arc  as  follows: 


l^T  cent  01  C-fLfiKMI. 

Specific  GrsTity 

Cast  Iron 

5       to  1.50 

7a 

Steel 

1.50  loo.  10 

7-8 

Wrought  Iron 

0.30  to  0.05 

7.7 

PrDpertiBS. 
Not  malleable,  not  temperable 
Malleable  and  temperable 
Malleable,  not  temperable 

It  will  l>c  seen  that  the  pcrrentage  of  carbon  alone  is  not  sufficient  to  distinguish  between 
and  wrought  iron.  The  softer  grades  of  steel  resemble  wrought  iron.  Very  mild  open- 
•tcel  is  often  sold  under  the  trade  name  of  "  Ingot  Iron."  and  is  reputed  to  have  many  advantages 
overstructuralstoel.mostuf  which  properties  it  does  nut  posseasamoi^  which  is  the  ability  to  resist 
corrosion. 
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CAST  IRON. — The  product  cA  the  blast  furnace,  where  the  iron  ore  is  reduced  in  the  presence 
of  a  fiux«  is  called  pig  iron.  7*he  term  cast  iron  is  commonly  applied  to  pig  iron  after  ic  has  been 
ajC^n  melted  and  cast  into  finished  form.  Case  iron  contains  carbon,  silicon,  sulphur,  pho&pboruii, 
and  manganese  in  addition  to  pure  iron,  and  occasionally  very  small  quantities  of  other  dements. 
The  amijunt  of  carUin  depends  largrly  upon  the  presence  of  other  elements. 

Carbon. — The  percentage  of  carbon  ordinarily  varies  between  i  J  and  4  per  cent,  but  in  the 
presence  of  manganese  the  carbon  may  be  much  higher.  Carbon  may  occur  in  the  form  of  com- 
bined carbon,  giving  a  white  brittle  cast  iron,  or  in  the  form  of  graphite,  giving  a  gray  cast  iron, 
which  ift  the  form  used  in  structural  castings.  The  proper  amount  of  carbt.m  in  cast  iron  depends 
upon  the  amount  of  other  impurities  and  upon  the  use  that  is  to  be  made  of  the  finished  product. 

Silicon. — The  carbon  is  controlled  by  \'ar>'ing  the  amount  of  silicon  and  sulphur.  Silicon 
acts  as  a  precipitant  of  carbon,  changing  it  from  the  combined  form  to  the  graphite  form.  The 
silicon  in  gmy  cast  iron  is  usually  lK*tween  \  and  3  per  cent. 

Sulphur. — Sulphur  has  the  opposite  eflfect  of  ulicon  and  its  presence  is  considered  obie<:tion> 
able.  Sulphur  produces  "  red-shortness  "  (biittleness  when  the  iron  is  heated).  The  amount  of 
sulphur  in  gray-iron  castings  should  not  exceed  0.12  per  cent. 

Mangantse. — Manganese  and  sulphur  Nilh  tend  to  increase  the  amount  of  combined  carbon, 
but  they  tend  to  neutralize  each  other.  Manganese  gives  dosem^s  of  grain  and  prevents  the 
absorption  of  sulphur  on  remclling.  The  amount  of  manganese  in  gniy>iron  castings  is  tisually 
less  than  \  per  cent;  more  than  2  per  cent  makes  cast  iron  brittle. 

Phosphorus. — Phosphorus  increases  the  fusibility  and  fluidity  of  cast  iron  but  at  the  same 
time  makes  it  brittle.  .\  high  phosphortis  content  is  ntcessar)*  ia  cast  iron  for  light  ornamental 
castings  where  strengtli  is  not  required.  The  phosphorus  in  gray-iron  castin^fs  varies  from  i  to 
1 1  per  rent. 

Malleable  Castings. — Small  thin  castings  made  of  white  cast  iron  may  be  dccarlxiniicd  by 
heating  the  castings  in  annealing  pots  c«>ntaining  hematite  ore  tw  forge  iron  scale.  Thr  castings 
are  kept  at  a  cherry  rc-d  heat  for  three  to  four  days,  and  arc  then  allowed  ti>  cool  slowly.  The  ntctal 
in  mani>able  castings  shriuld  not  exceed  I  in.  in  thickness  in  small  castings,  nor  |  in.  in  large 
castings,  and  should  t>e  of  uniform  thickness. 

Strength  of  Cast  Iron. — The  strengths  of  gray-iron  castings  are  given  in  Table  I  and  io  the 
Specifications  for  (»ray-iron  Castings  of  the  American  Society  for  Testing  Materials. 


STANDARD  SPECIFICATIONS  FOR   GRAY-IRON  CASTINGS 

OF  THE 

AMERICAN  SOCIETY   FOR  TF^STING   MATERIALS. 

ADOPTKD   SKPTEMKKk    I,    I9O5. 

1.  Process  of  Manufacture.     Unless  furnace  iron  is  specified,  all  gray  castings  ore  uiuleniuod 
to  I^  maile  by  the  cujxjla  process. 

2.  Chemical  Properties.     The  sulphur  contents  to  be  as  folKnt's: 

Light  castings not  over  0.08  per  cent 

Medium  castings.  ..•••••.......•.,,•,........,..,...        "         o.io        ** 

Heavy  castir^^ _. ._ , . ..       "        0.12       " 

3.  Classification.     In  dividing  castings  into  light,  medium  and  heavy  classes,  the  following 
standurds  have  I»oen  adopted: 

Castings  having  any  section  less  than  I  in.  thick  shall  be  known  as  Uffht  casiinfis. 
Castings  in  which  no  section  is  less  than  2  in.  thick  shall  b*'  known  as  heavy  castinjis. 
Medium  castings  arc  tho;*  nut  imluded  in  the  above  classiBc'itiun. 

4.  Physical  Properties.     Tntn^'rrse  TrsI,     The  minimum  breaking  strength  of  the  "Arbi- 
tration Bar  "  under  transverse  load  shall  be  not  under: 

Light  castings '....•.t««*.>>>« .,,.,.,.*...  *3t500  lb. 

Medium  castings ; 2,000  " 

Hen\'>*  castings,     3.30O  " 

In  no  case  sltall  the  deflection  be  under  o.to  in. 
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Tensile  Test.    Where  specified,  this  shall  not  run  less  than: 

Lieht  rasrings tS.ocxilh.  per  »q.  in. 

Mediuin  ca^ing^ w.  r  .'■*>•..•-..  •  .21,000 

Heavy  castings 34,000   "     " 

5.  Arbitration  Bar.  The  quality  of  the  iron  going  into  castings  under  specification  shall  be 
determined  by  means  of  the  "  Arbitration  Bar.**  This  is  a  bar  i  i  in.  in  diameter  ami  15  in.  long. 
It  shall  be  prep;ircd  as  slated  further  on  and  tested  transversely.  The  tensile  test  is  not  recom- 
mended, but  inc<i<ic  it  is  called  fur.  thel>aras  sliuwn  in  Fig.  i,  and  turned  up  from  any  of  the  broken 
pieces  of  the  transverse  test  shall  l>e  use<i.  The  expense  of  the  tensile  test  shall  fall  on  the  pur- 
chaser. 

6.  Number  of  Test  Bars.  Two  sets  of  two  bars  shall  Ijc  cast  from  each  heat,  one  set  from  the 
first  and  the  other  .s«-l  from  the  last  iron  going  into  the  castings.  Where  the  heat  exceeds  twenty 
tons,  an  additional  set  of  two  bars  shall  be  cast  for  each  twenty  tons  or  fraction  thereof  above  this 
amount.  In  case  uf  a  change  uf  mixture  during  the  heat,  one  .sot  of  two  bars  shall  also  be  cast 
for  every  mixture  other  than  the  regular  one.  liach  set  of  two  bars  U  to  gu  into  a  single  mold. 
The  bars  sliall  not  be  rumbled  or  otherwise  treated,  being  simply  brushed  olT  before  testing. 


-■'''*       SuncUrd  Thre*d* 


Fig.  I. — Aruitration  Test  Bar.     Tensile  Test  Piece. 


7.  Method  of  Testing.  The  transverse  test  shall  be  made  on  all  the  bars  cast,  with  supports 
13  in.  ai^irt,  load  applied  at  the  middle,  and  the  dellection  at  nipttire  nntetl.  One  Iwr  of  everj' 
t¥ro of  c  uh  set  made  must  fulfil  the  requirements  to  jx.'rmit  acceptance  nf  the  ca.^tings  represented. 

8.  Mold  for  Test  Bar.  The  mold  for  the  bars  is  shown  in  Fig.  2.  The  bottom  of  the  bar  is 
^  in.  smaller  in  diameter  than  the  lop.  to  allow  for  draft  and  for  the  strain  of  pt^uring.     The 

^jiattern  shall  not  Ixr  rapped  Iteftire  withilrawing.  The  flask  is  to  be  rammed  up  with  green  molding 
ftind,  a  little  dam[XT  than  usual,  well  mixi*d  .md  put  through  a  No.  8  sieve,  with  a  mixture  of  one 
to  twelve  bituminous  facing.  The  mold  shall  be  rammed  evenly  ami  fairly  hard,  thoroughly  drierl 
and  nut  cast  until  it  is  cold.  The  test  bar  shall  not  be  removed  from  the  mold  until  culd  enough 
to  be  handU'd. 

9.  Speed  of  Testing.     The  rate  of  application  of  the  load  shall  be  from  30  to  40  seconds  for  a 
lection  i)f  o.ro  in. 

[o.  Samples  for  Analysis.  Borings  from  the  broken  pieces  of  the  "  Arbitration  Bar  "  shall 
used  for  the  fiulphur  determinations.  One  determination  for  each  mold  made  shall  be 
rvquire<l.  In  case  of  dispute,  the  standards  of  the  American  Foundrymen's  .Association  shall  be 
used  for  rom|)ari:«in. 

1 1 .  Finish.  Castings  shall  1>e  true  to  pattern,  free  from  cracks,  flaws  and  excessive  shrinkage- 
In  other  respects  they  shall  conform  to  whatever  {joints  may  Ix*  sjierially  agreed  upon. 

12.  Inspection.  The  inspector  shall  have  reastmable  faciliiirs  afforded  him  by  the  manu- 
factunTto*.itisfy  him  that  the  finished  materia)  is  furnished  in  accordance  with  these  spccificatioDs. 
All  tests  and  inspections  shall,  as  far  as  possible,  be  made  at  the  place  of  manufacture  prior  to 
•hipment. 

WRO0GHT  IROK. — Wrought  iron  is  made  in  a  rcvcrtx»ratory  furnace  from  pig  ir<Mi  or  from 

loUen  metal  taken  directly  from  the  blast  furnace.     The  hearth  of  the  reverberator>'  furnace  is 

fettU-d  with  high  grade  iron  ore  or  mill  scale,  which  acts  as  an  oxidiring  agent  for  reducing  the 

impurilk-s.     The  pmldling  pnjceNs  may  Im*  divide*]  into  four  stages:  First  or  melting  driwn  stage, 

occupying  aUjut  50  minutes,  during  which  tlu>  silicon  and  manganese  are  oxidizixl  and  a  consirler- 
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Fio.  3. — Mold  pok  AsamATiosi  Test  Bas. 

ptiddkd  tAtb  of  iron  and  nUg  arc  hammrred  or  are  run  through  rolU  to  squeeze  the  <.tag 
from  iho  \ml\»t  and  the  rrmiUiriK  ham  arr  called  muck  ban.  The  muck  bar  U  again  reheated  and 
rttuWrti  and  tHr  rrtuliinu  pr«KhKt  U  rnmrncrcial  mcrrhant  bar. 

Wniuicht  iron  when  broken  in  lonsioo  shows  a  fraitured  section  irregiular  and  fibrtN&  The 
Mrcntclh  of  wrought  iron  varies  wilh  the  chemical  composition,  the  mechanJcal  work  and  hcac 
tmalmi'nl  it  ha*  rw<^vr«i  The  itrcnfcth  of  wrought  iron  is  given  in  Tabh- 1,  and  the  specifications 
far  wmtiKht'lron  ban  and  platca  an  adopted  by  the  American  Soaety  for  Testing  Materials  are 
followa: 


STANDARD  SPECIFICATIONS  FOR  REFINED  WROUGHT-IRON   BARS 

OF   THE 

AMERICAN  SOCIETY   FOR  TESTING  MATERL\LS. 
Adopted  Arct'sr  25,  1913. 

I.     MANUFACTURE. 

I.  Process.  Refined  wrought-iron  bars  shall  be  made  wholly  from  puddled  iron,  and  may 
consist  cither  of  new  muck-bar  iron  or  a  mixture  of  muck-bar  iron  and  scrap,  but  shall  be  free 
from  any  admixture  of  steel. 

^II.     PHYSICAL   PROPERTIES  AND  TESTS. 
2.  Tendon  Tests,     (a)  The  iron  shall  conform  to  the  following  minimum  requirements  as 
to  tensile  propcrrties: 
Tensile  strength,  lb.  per  sq.  in 48,000 
(Sec  Sections  3  ana  4.) 
Yield  point,  lb.  per  5q.  in , 25,000 
B           Elongation  in  8  in.,  per  cent 22 
P                (Sm  Section  5.) 
(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 
The  speed  of  the  cross-head  of  the  machine  shall  not  exceed  i)  in.  fjer  minute. 
3.  Permissible  Varistions  in  Tensile  Strength.     Twenty  per  cent  of  the  test  specimens  re- 
presenting one  size  may  show  tensile  strengths  looo  lb.  per  so.  in.  under  or  5000  lb.  per  sq.  in.  over 
that  specified  in  Section  2 ;  hut  no  spei:inK'n  shall  show  a  tensile  strength  under  45.000  lb.  per  sq.  in. 

4.  Modifications  in  Tensile  Strength.  For  Hat  bars  which  have  to  be  reduced  in  width,  a 
deduction  of  1000  lb.  per  sq.  in.  from  the  tensile  strength  specified  in  Sections  2  and  3  shall  be 
made. 

5.  Permissible  Variations  in  Elongation.  Twenty  per  cent  of  the  test  specimens  representing 
one  size  may  show  the  following  percentages  of  elongation  in  8  in.: 


I 
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RoiND  Bars. 

\  in.  or  over,  tested  .as  rolled 20  per  cent 

Under  \  in.. 16       " 

Reduced  by  machining 18       " 

Flat  Baks. 

f  in.  or  over,  tested  as  rolled .,..,,,. 18  per  cent 

Under  I  in., 16       " 

Reduced  by  machining 16       " 

6,  Bend  Tests,  (a)  Cold-bend  Tests. — Cold-bend  testa  will  be  made  only  on  bars  having  a 
nominal  area  of  4  sq.  in.  or  under,  in  which  case  the  test  sp<?cimen  shall  bend  cold  through  180  deg, 
without  fracture  un  the  outside  of  the  bent  portion,  around  a  pin  the  diameter  of  which  is  equal 
to  twice  the  diameter  or  thickness  of  the  specimen. 

(fr)  Hot-bend  Tests. — The  test  specimen,  when  heated  to  a  temperature  Ix'twecn  1700**  and 
1800  F.,  shall  bend  through  180  deg.  without  fracture  on  the  outside  of  the  bent  portion,  as  follows: 
For  round  bars  under  2  sq.  in.  in  section,  flat  on  itself;  for  round  bars  2  sq.  in.  or  over  in  section 
and  for  all  flat  bars,  around  a  pin  the  diameter  of  which  is  equal  to  the  diameter  or  thickness  al^ 
ihc  specimen. 

(c)  Nick-bend  Tests. — The  test  specimen,  when  nicked  25  per  cent  around  for  round  bars,' 
and  along  one  side  for  flat  bars,  with  a  t<K>l  having  a  60-deg.  cutting  edge,  to  a  depth  of  not  Ut 
than  8  nor  more  than  16  per  cent  of  the  diameter  or  thickness  of  the  specimen,  and  broken,  shall 
not  show  more  than  10  per  cent  of  the  fractured  surface  to  be  crystalline. 

(d)  Bend  tests  may  be  made  by  pressure  or  by  blows. 

7.  Etch  Tests.*  Thecrf^s-soctionof  the  test  specimen  shall  Ix;  ground  or  polished,  and  etched 
for  a  suflliciirnt  [K^riod  to  develop  the  structure.  This  test  shall  show  the  material  to  be  free  fr^m 
•tccl. 

•A  solution  of  two  parts  wafer,  one  part  concentrated  hydrochloric  acid,  and  one  part  con-, 
centrated  sulphuric  acid  is  recommended  for  the  etch  test. 
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8.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  of  the  full  section  of 
materiii!  as  rolled,  if  possible.  Otherwise,  the  specimens  shall  be  machinrd  from  the  material 
as  mlled;  the  axis  of  the  sfK-cimen  shall  be  located  at  any  point  one-half  the  distance  from  the 
center  to  the  surface  of  round  bars,  or  from  the  center  to  the  edge  of  flat  bars,  and  shall  Ik;  parallel 
to  the  axis  of  the  bar. 

{b)   Ktch  test  s|x*cimen3  shall  Iw  of  the  full  section  of  material  as  rolled. 

9.  Number  of  Tests,  (a)  All  l)ars  of  one  size  shall  be  pili:d  s^-panitely.  One  bar  from  each 
100  or  fraction  therc<jf  will  Ik"  selerted  at  random  and  tested  as  specified. 

(b)  If  any  test  specimen  from  the  bar  originally  selected  to  represent  a  lot  of  material,  contnlns 
surface  defects  not  visible  before  testing  but  visible  after  testing,  or  if  a  tension  test  specimen 
breaks  outside  the  middle  third  of  the  gage  length,  one  rctest  from  a  different  bar  will  be  allowed!. 

III.     PERMISSIBLE  VARIATIONS   IN  GAGE. 

10.  Permissible  Variations,  (o)  Round  bars  shall  conform  lo  the  standard  limit  gages  adopted 
by  the  Master  Car  Builders'  Association  in  1883, 

(6)  The  width  or  thickness  of  flat  bars  shall  not  vary  more  than  2  [x-r  cent  from  that  spectAccl. 

IV.    FINISH. 

IT.  Finisli.    The  bars  shall  be  smoothly  rolled  and  free  from  slivers,  depressions,  scams, 

crop  ends,  and  evitlences  of  being  burnt. 

V.     INSPECTION   AND   REJECTION, 

12.  InspectioQ.  (fj)  The  inspector  representing  the  purchaser  shall  have  free  entr>',  at  all 
times  while  work  on  the  contract  of  the  purchaser  is  Ix-ing  |>crfonncd,  to  all  parts  of  the  manu* 
facturer's  works  which  concern  the  manufacture  of  the  material  ordeR"<l.  The  manufacturer 
shall  afford  the  insjx'Ctor,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  material  U 
being  furnishetl  in  accordance  with  these  spcxrifications.  Tests  and  inspection  at  the  place  of 
manufaciure  shall  be  made  prior  to  shipment. 

(h)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  material  in 
hisownlalioratory  oreIscwh(_*re.     Such  tests,  however,  shall  l>e  made  at  the  exix-n^'e  of  the  purchaser. 

13.  Rejection.  All  bars  of  one  size  will  lie  rejected  if  the  test  specimens  representing  that 
size  do  not  conform  to  the  retjuirenieuts  siKH:ilied. 


I. 


STANDARD  SPECIFICATIONS  FOR  WROUGHT! RON  PL.\TES 

OF    THE 

AMERICAN  SOCIETY  FOR  TF^STING  MATERIALS, 
Adoptbd  August  25,  1913. 

Classes,    These  specifications  cover  two  classes  of  wrought-iron  plates,  namely: 
Class  A,  as  defined  in  Section  2  (h); 
Class  B,  as  defined  in  Section  a  (c). 


I.    MANUFACTURE. 

2.  Process,     (a)  All  plates  shall  Ix?  rolled  from  piles  entirely  free  from  any  admixture  of  stcc!. 

(ft)  Piles  for  Class  A  plates  shall  be  made  from  purldle  ban  made  wholly  from  pig  inm  and 
such  scrap  as  envanates  from  rolling  the  plates. 

(c)  Piles  for  Cla-is  B  plates  shall  be  made  from  puddle  bars  made  wholly  from  pig  iron  or 
from  a  mixture  of  pig  iron  and  cast-iron  scrap,  together  with  wnaught-iron  scrap. 


TI.     PHYSICAL   PROPERTIES  AND  TESTS. 

3.  Tension  Tests.    The  plates  shall  conform  to  the  following  minimum  requirements  as  to 
tensile  properties: 
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Propertiea  Conaidtfrrd. 

Class  A. 

Claw  li. 

6  In.  to  34  la., 

Ind.. 

in  VWdth. 

Over  24  In. 

to  90  In..  Incl., 

L  Width. 

6  la.  to  34  In.. 

Ind.. 

in  Width. 

Over  34  !n. 

to  00  In.,  Ind., 

in  Width. 

T't'tisilc  Btretipth   lb  oer  5a.  io  •  •  • 

49.00O 

26,000 

16 

48.000 

26.000 

12 

48,000 
26,000 

47.000 

36000 

10 

4.  Modifications  in  Elongation.  For  plates  unH*^r  i''^  in.  in  thickness,  a  deduction  of  i  from 
the  percentages  u(  clongatiun  specified  in  Section  3  shull  be  made  for  each  decrease  of  A  in.  in 
thickness  Ix-low  ^i  in. 

5.  Bend  Tests,  (a)  Cold-bend  Tests. — The  test  specimen  shall  bend  cold  through  90  dep. 
without  fracture  on  the  outside  of  the  bent  portion,  as  foltaws:  For  Class  A  plates,  around  a  pm 
the  diameter  of  which  is  equal  to  1  J  times  the  thickness  of  the  specimen;  and  for  Class  B  plates, 
around  a  pin  the  diameter  of  which  is  equal  to  3  times  the  thickness  of  Ihe  specimen. 

(h)  Nick-bend  Tests. — Tho  test  specimen,  when  nicked  on  one  side  and  broken,  .shall  show , 
for  Class  .\  plates  a  wholly  fibrous  fracture,  and  for  Class  B  plates,  not  more  than  10  per  t^^nl  of 
the  fractured  surface  to  Ixr  cr>*stalline. 

6.  Test  Specimen3.  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished  plates 
and  shall  Ik*  uf  the  full  thickness  of  plates  as  rolled.  The  longitudinal  axis  of  the  specimen  shall 
be  parallel  to  the  direction  in  which  the  plates  are  rolled. 

7.  Number  of  Tests,  (a)  One  tension,  one  cold-bend  and  one  nick-bend  test  shall  be  made 
for  each  variation  in  thickness  of  |  in.  and  not  less  than  one  test  for  cverj  ten  plates  as  rolled. 

{h)  If  any  test  specimen  fails  to  conform  to  the  requirements  specified  through  an  apiiarent 
local  defect,  a  retest  shall  be  taken;  and  should  the  retcst  fail,  the  plates  represented  by  such  teat 
shall  be  rejected. 

Ill*     FINISH, 

8.  Finish.  The  plates  shall  be  straight,  smooth  and  free  from  cinder  spots  and  holes,  and 
free  from  injurious  llaws,  buckles,  bti^iters,  scams  and  laminations. 


IV.    INSPECTION   AND   REJECTION. 

9.  Inspection.  Oj)  The  insix^rtor  representing  the  purchaser  shall  have  free  entry  at  all 
times  while  work  on  the  contnict  of  the  purchaser  is  Ix'in^  fH"rformc<l,  to  all  parts  <<f  the  manu- 
fartun-r's  works  which  concern  the  manufacture  of  (he  plates  onlered  The  manufatrturer  shall 
afford  the  ins[^MXtor,  free  of  cost,  all  rea&onal.ile  facilities  to  satisfy  him  that  the  plates  arc  being 
furnished  in  accordance  with  these  Bpecific;Uion5.  Tests  and  inspection  at  the  place  of  manu- 
facture shall  be  made  prior  to  shipment. 

(ft)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rejection  of  plates  at  his 
own  laboratory  or  elsewhere.     Such  tests,  however,  shall  Ik-  made  at  the  expense  of  the  purchaser. 

STEEL. — The  three  principal  methods  for  the  manufacture  of  steel  arc  (j)  the  crucible 
process,  (2)  the  Bessemer  process,  and  (3)  the  open-hearth  process.  The  crucible  pnicess  i*t  used 
lor  making  to*>l  stool.  The  Bessemer  process  is  uscfl  ftir  making  structural  steel,  but  on  account 
its  rcfiuiring  a  high  grade  ore  for  a  satisfactory  .steel,  and  the  difficulty  of  control,  it  is  now 
ictically  rcplaceil  by  the  o|M*n-hearth  process.  The  followinj^  description  of  the  methods  of 
manufacture  of  steel  is  taken  from  Kent's  '*  Mechanical  Engineer's  PorJcct-Book,"  page  451,  8th 
Edition,  1910. 

The  Manufacture  of  Steel. — Cast  steel  ia  a  malleable  alloy  of  iron,  cast  from  a  fluid  mass. 
ft  is  di-^tinguished  from  cast  iron,  which  is  n<it  malleable,  by  bring  much  lower  in  carbon,  and  from 
wrought  iron,  which  is  welde<l  from  a  pasty  mass,  by  Ix'irig  free  from  intcrminglwl  slag.  Blister 
steel  U  a  highly  carNinixed  wrought  iron,  made  by  (he  "cementation  "  process,  which  consists 
in  keeping  wrought-iron  bars  at  a  red  heat  for  some  days  in  contact  with  charccKil.  Not  over  2 
prrn-nt  of  C  is  usually  abwirlx-^I.  The  surf.ice  of  I  ho  iron  iscovi'red  with  small  blisters,  supposedly 
due  to  the  action  of  carbon  on  nlag.  Other  wrought  stwls  were  formerly  marlc  \vf  direct  proccsccs 
from  injn  ore,  ami  by  the  puddling  pn»ccss  from  wrought  iron,  but  these  steels  are  now  replaced 
by  cast  steels,  Blititer  steel  is.  however,  still  usetl  as  a  raw  material  in  the  manufacture  of  crucible 
steel.     Casc-liardening  is  a  process  of  surface  cementation. 
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CrucihU  Sffel  is  commonly  made  in  pota  or  crucibles  hoMing  alx>iit  fto  pounds  of  metal. 
The  raw  material  may  be  steel  scrap:  blister  steel  bars:  wrought  iron  with  charcoal;  cast  iron  with 
wrought  iron  or  with  iron  ore:  or  any  mixture  that  will  produce  a  nicul  having  the  desired  chemical 
constitution.  Manganese  in  some  form  is  usually  added  to  prevent  oxidation  of  the  iron.  Some 
silicon  is  usually  absorbed  from  the  cnicible,  and  carbon  also  if  the  crucible  is  made  of  graphite 
and  clay.  The  crucible  l>eing  covered,  the  steel  is  n<H  alTecied  by  the  oxygen  or  sulphur  in  the 
Hame-  The  quality  of  crucible  steel  depends  on  the  freedom  from  objectionable  elements,  such  aa 
phosphorus,  in  the  mbcture,  on  the  complete  removal  of  oxide,  slag  and  hlnwholrs  by  **  dead- 
mcltine  "  or  "  killing  "  before  puuring,  and  on  the  kind  and  quantity  of  different  elements  which 
are  added  in  the  mixture,  or  after  melting,  to  give  particular  qualities  to  the  steel,  such  as  carbon, 
manganese,  chromium,  tungsten  and  vanadium. 

Bessemer  Steel  is  made  by  blowing  air  through  a  bath  of  melted  pig  iron.  The  ox>'gcn  of 
the  air  first  bums  away  the  silicon,  then  the  carbon,  and  before  the  carbon  is  entirety  burned  away, 
begins  to  burn  the  iron.  Spiegeleisen  or  ferro-manganese  is  ichvn  addi^*l  to  deoxidize  the  mciaj 
and  to  give  it  the  amount  of  carbon  desired  in  the  finished  steel.  In  the  ordinar>'  or  "acid  " 
Bessemer  process  the  lining  of  the  converter  is  a  silicious  material,  which  has  no  effect  on  phos- 
phorus, and  all  the  phosphorus  in  the  pig  iron  remains  in  the  steel.  In  the  "  basic  "  or  Thomas 
and  Gilchrist  process  the  lining  is  of  magnesian  limestone,  and  limestone  additions  are  made  to  the 
bath,  so  as  to  keep  the  slag  basic;  and  the  phosphurus  enters  the  slag.  By  this  process  ores  that 
were  formerly  unsuitcni  to  the  manufacture  of  steel  have  l>cen  made  available. 

Open-hearth  Steel. — Any  mixture  that  may  be  used  for  making  steel  in  a  crucible  may  also 
be  melted  on  the  open  heirth  of  a  Siemens  regenerative  furnace,  and  may  be  desiliconized  and 
decarbonized  by  the  action  of  the  Bame  and  by  additions  of  iron  ore,  deoxidized  by  the  addition 
of  spiegeleisen  or  fcrru-manganese,  and  recarbonized  by  the  same  additions  or  by  pig  iron.  In  the 
most  common  form  of  the  prot:oss  pig  iron  and  scrap  steel  arc  melted  together  on  the  hearth,  and 
after  the  manganese  has  been  added  to  the  bath  it  is  tapped  into  the  ladle.  In  the  Talbot  proceso 
a  large  bath  of  melted  material  is  kept  in  the  furnace,  melted  pig  iron,  taken  from  a  blast  furnace. 
is  added  to  it,  and  iron  ore  is  added  which  contributes  its  iron  to  the  melted  metal  while  its  oxygen 
decarbonizes  the  pig  iron.  When  the  decarbonization  has  proceeded  far  enough,  ferro-mangancae 
is  added  to  destroy  iron  oxide,  and  a  portion  of  the  nuetal  is  tappet!  out,  leaving  the  remainder  to 
receive  another  charge  of  pig  Iron,  and  thus  the  nnx-ess  is  continued  indefinitely.  In  the  Duplex 
process  melted  cast  iron  is  desiliconized  in  a  Bessemer  converter,  and  then  run  into  an  open 
Dearth,  where  the  steel-making  ojjeration  is  finished. 

The  open-heirth  process,  like  the  Hcssemer,  may  be  cither  acid  or  basic,  according  to  the 
character  of  the  lining.  The  basic  process  is  a  dephosphorizing  one,  and  is  the  one  most  generally 
available,  as  it  can  use  pig  irons  that  are  either  low  or  high  in  phosphurus. 

Strength  of  Steel. — The  properties  most  desired  in  steel  are  strength  and  ductility.  Pure 
iron  has  a  tensile  strength  of  about  40,000  lb.  per  sq.  in.  and  is  very  ductile.  This  strength  is 
usually  increased  by  the  impurities  found  in  steel. 

Carbon  is  the  important  impurity  as  it  gi\'cs  strength  with  the  least  decrease  in  ductility. 
Campbell  states  that  each  0.01  per  cent  of  carbon  will  increase  the  strength  of  acid  open-hearth 
steel  by  1000  lb.  per  sq.  in.,  and  of  basic  open-hearth  steel  by  770  lb.  per  &q.  in.  The  maximum 
tensile  strength  of  steel  is  reached  with  0.9  to  i  .0  per  cent  of  carbon. 

Silicon  has  little  effect  on  the  strength  of  rolled  steel,  but  in  castings  0,3  to  0.4  per  cent  of 
silicon  increases  the  tensile  strength  of  steel  castings  and  produces  soundness. 

Sulphur  has  little  effect  on  the  strength  of  opcn-hcarth  steel,  but  it  produces  "  red-shortness,** 
and  produces  checks  and  cracks  during  the  rolling  or  during  the  cooling  of  castings. 

Phosphorus  increases  the  static  strength  of  steel  about  looo  lb.  for  each  o.Oi  per  cent  of 
phosphorus.  The  increase  in  strength  is  obtained  at  a  great  loss  in  ductility  and  produces  a  steel 
that  is  brittle  and  unreliable. 

Manganese  when  alwvc  0.3  to  0.4  per  cent  increases  the  tensile  strength  of  steel.  The 
increase  in  strength  above  0.4  per  cent  is  about  300  lb.  per  sq.  in.  for  acid  open-hearth  and  130  lb. 
per  sq.  in.  for  basic  open-hearth  steel  for  each  additional  O.OI  per  cent  of  manganese. 

From  the  above  discussion  it  will  be  seen  that  if  certain  physical  characteristics  are  required 
in  a  steel  the  manufacturer  must  be  left  fa*c  to  \'ar>'  part  of  the  impurities.  For  example  if  a 
high  grade  structural  steel  with  an  ultimate  tensile  strength  of  60,000  lb.  per  sq.  in.  is  desired,  the 
phosphorus  and  sulphur  may  be  limited  in  addition  to  the  prescribed  physical  limits  if  the  carl 
is  left  open. 
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Formulas  for  Tensile  Strength. — Campbell  gives  the  following  formulas  for  the  strength  of 
acid  and  basic  npen-hi-arth  stccU: 

For  arid  steel,  Ultimate  strcnjfth  =  40.000  +  1000  C  +  1000  P  +  X.Mn  +  R. 

For  basic  steel,  Ultimate  strength  =  41,500  +  77«  C  -f  rooo  P  -|-  X.Mn  +  R. 

In  those  formulas,  C  =  o.oi  per  cent  carbon,  P  —  o.oi  phosphorus,  VIn  —  o.oi  per  cent 
manganese  above  0.4  per  cent  for  acid  anri  above  0.3  per  cent  fur  basic  steel,  and  R  is  a  variable 
depending  upon  the  heat  treatment  of  the  steel.  The  coefficient  of  Mn,  X.  varies  as  follows: 
For  acid  steel,  fur  0.10  per  cent  carlKjn,  X  =  80,  and  for  0.60  percent  carbon,  X  =  480  and  pro- 
portional for  intermediate  values;  while  for  basic  steel,  for  0.05  per  cent  carbon,  X  =  no,  and  for 
0.40  per  rent  rarlxin.  X  =  250  and  propfjrtional  for  intermediate  values. 

Special  Steels. — The  following  special  steels  have  l>een  used.  Nickel  is  used  as  an  alloy  for 
structural  and  other  kinds  of  steel,  the  specifications  for  structural  nickel  steel  of  the  American 
Society  for  Testing  Materials  require  that  ihtre  be  not  less  than  3}  per  cent  of  nickel.  Chrome 
sUel — carbon  steel  with  about  0.5  per  cent  chromium — was  used  in  the  Ea<Is  bridge  in  1871.  Chro- 
mium is  now  used  in  combination  with  nickel,  making  Chromium-nickel  steel;  with  vanadium, 
making  Chromiuni'Vaniuiium  stircl,  and  with  buth  nickel  and  vanadium,  making  Chromiym- 
niclul-vanadium  steel.  Copper  steels  arc  those  having  from  1  to  4  per  cent  of  copper,  carbon  being 
less  than  1  jier  cent.  Manganese  steel  with  from  6  to  12  per  cent  manganese  is  very  tough  and 
malleable. 

Specifications  for  Structural  Steel. — The  allowable  stresses  for  structural  steel  are  given  in 
Table  I  and   in  the  sjx'*  ifirations  of  the  American  Society  for  Testing  Materials  which  follow. 

Allowable  Stresses  la  Steel  and  Iron. — The  allowable  stresses  .'or  steel  frame  mill  buildings  arc 
given  in  the  "Specifications  for  Steel  Frame  Buildings,"  in  Chapter  L  The  allowable  stresses 
for  steel  office  buildings  arc  given  in  the  "Specifications  for  Steel  Office  Buildings,"  in  Chapter  H. 
TTie  allowable  stresses  for  stt»el  highway  bridges  are  given  in  the  "Specifications  fur  Steel  Highway 
Bridges,"  in  Chapter  IIL  The  allowable  stre^es  for  steel  railway  bridges  arc  given  in  the  "Speci- 
fications for  Steel  Railway  Bridges,"  in  Chapter  IV.  The  allowable  stresses  in  steel  bins  are 
given  in  Chapter  VIIL  p.  3IJ.  The  allowable  stresses  for  ste?l  grain  binn  are  given  in  Chapter 
IX,  p.  326.  The  alluwable  stresses  in  steel  head  frames  and  coal  tipples  arc  given  in  the  "Speci- 
fications for  Steel  Head  Frames  and  Coal  Tipples,  Washers  and  Breakers,"  in  Chapter  X.  The 
allowable  str»;s8cs  in  steel  stand-pipes  and  elevated  tanks  are  given  in  the  "Specifications  for 
Elevated  Steel  Tanks  on  Towers  and  for  Stand-Pipes,"  in  Chapter  XI.  The  alluwable  stresses 
for  the  steel  and  cast  iron  details  in  timber  bridges  are  the  same  as  for  steel  railway  bridges  given 
in  Chapter  IV.     The  allowable  stresses  in  steel  reinforcement  are  given  on  page  521. 

Nickel  Sleei. — In  a  paper  entitled  "Nickel  Steel  for  Bridges"  by  Mr.  J.  A.  L.  Waddell.  in 
Trans.  Am.  Soc,  C.  E.,  VoL  63,  June  1909,  the  allowable  unit  stress  in  lb.  per  sq.  in.  for  carbon 
■teel  is  given  as  /*  =  18,000  —  70  //r,  and  for  nickel  steel  as  /*  =  30.000  —  120  //r,  where  /  is  the 
length  and  r  is  the  corresponding  radius  of  gyration,  both  in  inches.  The  impact  coefficient 
adopted  by  Mr.  Waddell  is  given  on  page  161. 
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Chap.  XV. 


tABLE   I. 
Strength  Properties  of  Structural  Steel  and  Iron — ^American  Society  for  Testing 

Materials,  Year  Book,  1913. 


Metal. 


BRIDGES 
Structural  Steel. 


Rivet  Steel 

BUILDINGS 

Structural  Steel. 


Rivet  Steel 

SHIPS 
Structural  Steel. 


Rivet  Steel 

BOILER  AND  RIVET  STEEL 
Flange  Steel 


Firebox  Steel 

Boiler  Rivet  Steel. 


STRUCTURAL  NICKEL  STEEL 
Plates,  Shapes  and  Bars 


E/e-bars  and  rollers  (unannealcd)    95,000-110,000 
Eye-bars  and  Pins  (annealed). . . .     90,000-105,000 

Rivet  Steel 70,000-80,000 

BILLET-STEEL  REINFORCEMENT  BARS 

55,000-70,000 


Tensile  Strength.  Lb.  Sq.  In. 


Ultimate. 


55,000-65,000 
48,000-58,000 
55,060-65,000 
48,000-58,000 
58,000-68,000 
55,000-65,000 
55,000-65,000 
52,000-62,000 
45,000-55,000 

85,000-100,000 


Plai 


Structural. 
Ulard 


(Structural. 
Hard 


Cold  Twisted. 


80,000  min. 

55,000-70,000 

80,000  min. 
recorded  only 


RAIL-STEEL  REINFORCEMENT  BARS 


Plain 


Deformed  and  Hot-twisted, 
WROUGHT  IRON 

Refined  Bars , 

Plates , 

STEEL  CASTINGS 

Hard   

Medium    

Soft 

GRAY  IRON  CASTINGS 

Lisht  Castings. 

Medium  Castings 

Heavy  Castings 

MALLEABLE  CASTINGS. 


80,000 

80,000 

48,000 
47,000-49,000 

80,000 
70,000 
60,000 

18,000 
21,000 
24,000 
40,000 


Elastic  Limit. 


ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 
ultimate 

50,000 

5S»<»0 
52,000 
45.000 

33.000 

50,000 

33.000 

50,000 
55.000 

50,000 

50,000 

25,000 
26,000 

36,000 
31.500 
27,000 


Minimum  Elongation, 
Per  Cent. 


In  8  In.        In  a  In 


1,500,000 


ultimate 
1  ,<;  000,00 
ultimate 
/  1,400,000 


I  ultimate 
1,400,000 
ultimate 
1,500,000 


22 


22 


y  ultimate 
/  1.500,000 
I  ultimate 
/  1,500,000 
I  ultimate 
r  1,500,000 
\  ultimate 
r  1,500,000 
\  ultimate 
(not  greater  than  30) 
r  1,500,000 
I  ultimate 
f  1,500,000       ,g 
\  ultimate 

20  20 

( 1.500,000 
\  ultimate 
(  1,400.000 
\  ultimate 
(  1,200,000 
\  ultimate 
/  '.^50.000 
\  ultimate 
(  1.000,000 
\  ultimate 

5 
/ 1,200.000 
\  ultimate 
f  1  .OOO.QOO 
\  ultimate 

22 
10  to  16 


Reduction 
(rf  Atca, 
Percent. 


as 

as 

3S 
40 


20 

*5 
30 


STANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BUILDINGS 

OF   THE 

AMERICAN   SOCIETY   FOR  TESTING  MATERIALS. 

ADOFTtD   ALffrl'ST    2$,    !gi3. 

I.     MANUFACTURE. 

I.  Process,  (rt)  Striirtiiml  steel,  except  as  noted  in  Paragraph  (h),  may  be  made  by  the 
Bcs&i'mer  or  the  open-hearth  process. 

ib)  Rivet  steel,  luid  steil  for  plates  or  angles  o\'er  I  in.  in  thickness  which  are  to  be  punched, 
shall  be  made  by  the  open-huarth  process. 

11.     CHEMICAL  PROPERTIES  AND   TESTS. 

3.  Chemical  Composition.  The  steel  shall  confurni  to  the  following  requirements  as  to 
chemical  compusiiiun: 

Stkuctv'Rai.  Steel.  Rjvkt  Stbbl. 


T>.  ^^t  ^„.  f  BcsscnKT..  .  . 
'^'"»P''°"«lOpcn.hcarth 
Sulphur 


not  over  o.io  jx^r  cent 
••      "      0.06         " 


not  over  0.06  per  cent 
""....  "     "     0.045    " 

3.  Ladle  Analyses.  An  analysis  to  determine  the  porcentaEes  of  carbon,  manganese,  phos- 
phorus and  sulphur  sliall  tx-  mail<'  l>y  (hi*  mamifactiinr  from  a  lest  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  Ik,*  yiven  to  thi."  purc!ia«.T  or  his  representative.  This  analysts 
shall  conform  to  the  requirements  specirtetl  in  Section  2. 

4.  Check  Ai^alyses.  Analyses  may  be  made  by  the  purchaser  from  finished  material  re- 
prTsentin.t  each  melt,  in  which  case  an  excess  of  25  percent  above  the  requirements  specihed  in 
Section  2  shall  be  allowed. 


5.  Tension  Tests. 
proix.'rties: 


III.     PHYSICAL   PROPERTIES   AND   TESTS. 
(a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 


IVopTTiiii-i  ConHtlcri-fJ. 

Strm-iural  Sttrl. 

RJVct  Stcrl. 

Tensile  itrcngth,  lb,  per  sq.  in.  . 

55.000-65,000 

0.5  tens.  str. 
1,400.000* 
Tens.  str. 

31 

48,000-58,000 

0.5  tens.  str. 
I.400.QOO 
Tens.  ilr. 

Yield  point,  min.,        "       *'      

ElonBaiion  in  8  in.,  min.,  per  cent 

Elongation  in  2  in.          "       '*         

(b)  The  yield  (Mnnt  nhall  Ik;  determined  by  the  drop  of  the  beam  of  the  uxing  niacliinu. 

6.  Hodincations  in  Elongadoa.  (j)  For  structural  steel  over  J  in.  in  thickness,  a  deduction 
of  I  from  the  percL-ntago  of  elongation  in  8  in.  specified  in  Section  5(a)  shall  be  made  for  each 
increase  of  |  in.  in  thickness  above  j  in. 

{b)  For  structural  stti-l  under  A  in-  in  thickness,  a  deduction  of  2.5  from  the  percentage  of 
elongation  in  H  in.  specific*d  in  Section  5(a)  shall  be  made  for  each  decrease  of  t^  in.  in  thickness 
below  T^  in. 

7.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  t>cnd  cold  through 
]8odeg.  without  rrarWing  on  the  outside  of  the  bent  portion,  as  follows:  For  material  J  in.  or  un<ler 
in  ihicknehs.  flat  on  itself;  for  materi;d  over  \  in.  to  and  including  I  J  in.  in  thickness,  around  a  pin 
the  diameter  of  which  h  equal  to  the  thickness  of  the  specimen;  and  for  material  over  ij  in.  in 
thickness,  around  a  pin  the  diameter  of  which  is  cfjual  to  twice  the  thickness  of  the  specimen. 

(/»)  The  test  sjjecimen  for  pin^  and  rollers  shall  bend  cold  through  180  deg.  around  a  l-in. 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(c)  The  tpst  ».iH'cimcn  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 


*  See  Section  6. 
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H.  tt9t  Specimens.  '^^  T'^.^^^a  anri  bctvi  test  fprrrrr^ag  tfaall  be  tabu  from  the  finished 
TfA]frf\  </€  U^i^'h.  maXKnid,  ^od  )hali  cot  i«  aoaeaJed  or  ocbervise  tzcatcd,  except  as  specified  in 

''//  T'.r.-'iion  anri  f^mrl  tfc^t  %;^3:imetis  f-jr  material  w^Jch  is  to  be  ancealed  or  othervise  treated 
Mfjft:  u:-^:,  %ha!I  V>:  cut  from  properly  axuxaktl  or  szmilariy  ticated  short  (engths  of  the  foil  section 

*c,  T'rn^irm  an^  tyrtfi  t^t  ^per.inKTL)  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph ^d, ,  4hal!  Im:  of  th':  full  thicIc!>^<H  o(  materul  as  rolled :  and  may  be  machined  to  the  form  and 
dinKnftif,ifU  ibowa  la  Vig.  l,  or  with  both  edges  parallei. 


<AhMi%> 


M  r' 


^•^X. 


1^ 


-AtaotU' 

FiG.  I. 


(d)  Tension  and  bend  test  specimens  for  plates  and  bars  over  i )  in.  in  thickness  or  diameter 
may  Im:  machinf:d  to  a  thickness  or  diameter  of  at  least  \  in.  for  a  length  of  at  least  9  in. 

ie)  The  axis  of  tension  and  bend  test  specimens  for  pins  and  rollers  shall  be  I  in.  from  the 
Hitrface  and  (Kirallel  to  the  axis  of  the  bar.  Tension  test  specimens  shall  be  of  the  form  and  di- 
mennions  shown  in  Fi^.  2.     Bend  test  specimens  shall  be  i  by  J  in.  in  section. 

(f)  Tensirjn  and  l>i:nfl  test  six.-cimcns  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 
rolhrd: 

9.  Number  of  Tests,  {a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
fxri'pt  thaf  if  material  from  one  melt  differs  |  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  t)e  marie  from  brjth  the  thickest  and  the  thinnest  material  rolled. 

ih)  If  any  test  sp*x:imen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in,  tension 
tffst  Hfxrimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  specimen 
breaks  outside  the  gage  length,  it  may  lje  discarded  and  another  specimen  substituted. 


IV.     PKRMISSIBLE   VARIATIONS   IN   WEIGHT  AND  GAGE. 

10.  Permissible  Variations.     The  cross-section  or  weight  of  each  piece  of  steel  shall  not  vary 
more  than  2.5  per  rent  from  that  sjK-cificfl;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  th<'  following  ixTmissible  variations  to  apply  to  single  plates: 
(rt)   When  Ordrred  to  Weight. — For  plates  12J  lb.  per  sq.  ft.  or  over: 

Under  hk)  in.  in  width,  2.5  per  cent  alx>vc  or  below  the  specified  weight; 
l(M»  ill.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 
For  jtlatrs  under  12.5  lb.  jK-r  sq.  ft.: 

Under  75  in.  in  width,  2.5  ix^r  cent  above  or  below  the  specified  weight; 
75  to  KK)  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  below  the  specified  weight; 
l(x>  in.  in  width  or  over,  lojwr  cent  above  or  3  per  cent  below  the  specified  weight. 
(/»)   When  Ordered  to  Gage. — The  thickness  of  each  plate  shall  not  vary  more  than  o.oi  in. 
under  that  <»rdere<l. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  earh  pl.ite,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
htwl  IxMHg  assumed  to  weigh  0.2833  *b.: 
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I 


u 


Auaiwable  Excess  (kxfrssskd  as  pekcektaqb  of  Nominal  W 

nCHT). 

Tbjcknen 
In. 

Nominal 
Weiiiht,  Lb. 
Per  S<i.  Ft 

For  Width  of  Plate  aj  foUowi: 

Under  so 

so  to  ?o 

70  In.  Of      Uadef  75 

75  to  100 

too  to  tis 

II j  In.  or 

In. 

lo..  Exd, 

Over. 

In. 

In..  Exd. 

In..  Exd. 

Over. 

itoA 

5.10  to    6.37 

10 

15 

20 

S:f 

6.37  "     7-65 

8.5 

12-5 

[7 

7.65   "    10.20 

7 

10 

15 

i 

10.20 

10 

H 

18 

12.75 

8 

12 

16 

.  , 

A 

15.30 
17.85 

7 
6 

JO 

8 

<3 
10 

17 
13 

k 

20.40 

i 

7 

9 

12 

22.95 

4-5 

^•5 

5-5 

11 

1     ^  •     . 

35.50 

4 

6 

8 

10 

f    Ovcfl 

3.5 

5 

6.5 

9 

V.    FINISH. 

II.  Finish.  The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
manlike Bnish. 

VI.    MARKING. 

13.  Marking.  7*he  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
stamped  or  rolled  on  all  finished  material,  excupt  that  rivet  and  lattice  bars  and  other  small  sectiuna 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked  for  identification.  The 
identification  marks  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  The  mclc  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  specimen. 

VII.     l.NSPECTION  AND   REJECTION. 

13.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  cost,  all  reisonable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  s(x*cifications.  All  tests  (except  check  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  oihcrftise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  {a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  ac- 
cordance with  S-rtion  4  shall  l»e  reported  within  five  working;  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  mjurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

15.  Rehearing.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected 
material,  bhall  !«.*  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  teats,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time 


STANDARD  SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BRIDGES 

OF    THB 

AMERICAN  SOCIETY   FOR  TESTING   M.ATERIALS. 
ArmpTED  August  25,  1913. 

I.     MANUFACTURE. 

1.  Steel  Castings.  The  Standard  Specifications  for  Steel  Castings  adopted  by  the  American 
Sodety  for  Testing  NIaterials,  are  hereby  made  a  part  of  these  specifications,  and  shall  govern  the 
purchase  of  stoci  castings  for  bridges.* 

2.  Process.     The  stivl  shall  be  made  by  the  open-hearth  process. 

•  In  using  ihcStandanl  Specifications  forStccI  Castings  for  the  purchase  of  castings  for  bridges, 
it  is  necessary  tu  specify  both  the  class  and  grade  of  casting  desired. 
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11.     CHEMICAL   PROPERTIES  AND  TESTS. 

5.  Chemical  ComposiCion.  Tbc  steel  shall  conform  to  the  following  requirements  as  to 
chemical  cuinpusitioii: 

Stkuctukal  Stkel.  Rivn  Stsel. 

„.        ,  f  Acifl not  over  0.06  not  over  0.04  per  cent. 

Phosphorus!  i3^^j^ ..      ..    ^^^  ..     ..     o^^'     .. 

Sulphur "       "     0.05  "      "      0.04       *' 

4.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  C'arl>on,  manganese,  phos- 
phorus ami  Hulpliur  shall  be  made  by  the  manufacturer  from  a  tt*st  ingot  taken  during  the  ptiuring 
of  each  melt,  a  copy  of  which  shall  \k  given  to  the  purchaser  or  his  rc])rcscnt alive.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  3. 

5.  Check  Analyses.  Analyses  may  be  made  by  tno  purchaser  from  finished  material  repre- 
senting each  melt,  in  which  case  an  excess  of  25  per  cent  above  the  requirements  specified  in 
Section  3  shall  be  allowed. 


in.     T'llVSICAL   PROPERTIES  AND   TESTS. 
Tendon  Tests,     (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile 


properties: 


Pmperties  ConsidcnU. 

Suuctural  Suxi,             ,                 Rivet  Steel. 

Tensile  strength)  lb.  per  sq,  in 

55,000-^5,000 

0.5  tens.  atr. 

1.500.000* 

Tens.  str. 

22 

48,000-58,000 

0.5  tens.  str. 

1,500.000 

Tens.  str. 

Vicld  point,  rain.,  lb.  per  so.  in - 

Elongation  in  8  in.,  min.,  per  cent..  .^ 

Elonpation  in  2  in.   min    per  ccnt- 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Modifications  in  Elongation,  (u)  For  structural  steel  over  i  in.  in  thickness,  a  deduction 
of  I  from  the  percentage  of  elongation  in  8  in.  specified  in  Section  6  («),  shall  be  made  for  each 
increase  of  }  in.  in  thickness  above  J  in. 

(b)  For  structural  steel  under  /<  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of 
elongation  in  8  in.  specified  in  Section  6  (d),  shall  be  made  for  each  decrease  of  ^  in.  in  thickness 
below  ]\  in. 

8.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes,  and  bars  shall  bend  cold  through 
180  dcg.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material  j  in.  or  umtiT 
in  thickness,  flat  on  itself;  for  material  over  \  in.  to  and  including  1  \  in.  in  thickness,  around  a  ptn 
the  dijimclcr  of  which  is  equal  tu  the  thickness  uf  the  specimen;  and  for  material  over  l|  in.  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  Ihc  specimen. 

(b)  The  test  specimen  for  pins  and  rollers  shall  bend  cold  through  180  deg.  around  a  l-in. 
pin  without  cracking  on  the  outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

9.  Tests  of  Angles.  Angles  I  in.  or  under  in  thickness  shall  open  flat,  and  angles  i  in.  or 
under  in  thickness  shall  l>cnd  shut,  cold,  under  blows  of  a  hammer  without  cracking.  This  test 
shall  lie  made  only  when  requinnl  by  the  inspector. 

10.  Test  Specimens,  (a)  Tension  and  ix*nd  test  specimens  shall  be  taken  from  the  finished 
rolled  or  forgeti  material,  and  shall  not  be  annealed  or  otherwise  treated,  except  as  specified  in 
Paragraph  (b). 

{h)  Tension  and  bend  test  specimens  for  material  which  ia  to  be  annealed  or  otherwise  treated 
beforr  use,  shall  be  cut  from  properly  annealed  or  similarly  treated  short  lengths  of  the  full  section 
of  the  piece. 

(c)  Tension  and  bend  lest  specimens  for  plates,  shapes  and  bars,  except  as  specified  in  Para- 
graph (</),  shall  be  of  the  full  thickness  of  material  as  rolled.  They  may  l*e  machined  to  the  form 
and  dimensions  shown  in  Fig.  1,  or  with  both  edges  parallel;  except  that  bend  test  specimens  for 
eye-bar  flats  may  have  three  rolled  sides. 

(d)  Tension  and  bend  test  specimens  for  plates  and  bars  (except  eye-bar  flats)  over  \\  in.  in 
thickness  or  diameter  may  be  machined  to  a  thickness  or  diameter  of  at  least  J  in.  for  a  length  of  at 
least  9  in, 

*  See  section  7. 
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(e)  The  axi«t  of  tension  and  Ix-nd  tost  8i)erimen»  for  pins  and  rolicrft  shall  be  i  in.  from  the 
BuKace  ami  paralle)  to  the  axis  of  ihc  bar.  1'ension  test  specimens  shall  be  of  ihc  form  and  di- 
mensiuni)  sliowii  in  Fig.  3.     Bend  te&t  specimens  shall  be  I  by  i  in.  in  section. 


<U 


,1H 


♦     ♦     ♦ 


J 


< • - 


About  U -^ -> 

Fig.  I. 


— 4K" 


(/)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 

roUwi. 

II.  lYtunber  of  Tests,  (a)  One  tension  and  one  bend  test  shall  1>c  made  from  each  melt; 
except  that  if  material  from  one  melt  differs  |  in.  or  more  in  thickness,  one  tension  and  one  bend 
test  shall  l>c  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

{h}  If  any  test  specimen  shows  defective  machining  or  develops  (laws,  or  if  an  8  in.  tension 
test  speiJmcn  breaks  outside  the  middle  third  of  the  Kage  length,  or  if  a  3-in.  tension  test  specimen 
breaks  outside  the  gage  length,  it  may  \}c  cliscarde<I  and  another  specimen  substituted. 


IV.    PERMISSIBLE  VARIATIONS   IN   WEIGHT  AND   GAGE. 

12.  Permissible  Variations.  The  cross-section  or  weight  of  each  piece  of  steel  shall  not  \'ary 
more  thun  2.$  \)vr  cent  from  that  spi-cificd;  except  in  the  case  of  sheared  plates,  which  shall  l)e 
covered  by  the  following  permissible  variations  to  apply  to  single  plates: 

(a)    Wh^n  Ordered  to  Weight. — For  plates  12\  lb.  |>cr  sti    ft.  or  over; 

Under  loo  in.  in  width.  2.5  per  cfint  alxivc  or  below  the  specified  weight; 
100  in.  in  width  or  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  laj  lb.  per  sq.  ft.; 

Under  75  in.  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 
75  to  100  in.,  exclusive,  in  width,  5  per  cent  above  or  3  per  cent  l>clow  the  specifie<l  weight; 
lOo  in.  in  width  or  over,  ioi)er  cent  above  or  3  per  cent  below  the  specified  weight. 
{b)  When  Ordered  to  Gage. — The  thickness  of  eacn  plate  shall  not  vary  more  than  o.oi  in. 
under  that  ordered. 

.\n  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allownl  for  each  jilate,  if  not  more  than  that  shown  in  the  following  table,  one  cubic  inch  of  rolk'd 
BtccI  being  assumetl  to  weigh  0.2833  l^-= 

V.     FINISH. 

13.  Finish.  The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  work- 
manlike finish. 

VL    MARKING. 

14.  Marking.  The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly 
rampcft  or  rolle<l  on  all  finished  material,  except  that  rivet  and  lattice  Iwrs  and  other  small 
■C'tions  shall,  when  jiudefl  for  shipment,  be  proix>rly  separated  and  marked  for  identification. 
The  idrntification  m;irk^  shall  be  legibly  stamped  on  the  end  of  each  pin  and  roller.  The  melt 
nitiiilKT  shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test  speiimen. 


d 


602 


ENGINEERING   MATERIALS. 


Alxxiwablk  Excess  CKXi'KE:^f[x»  A5  PEHcexTACK  or  KoHTHAL  VVsicht).           I 

ThickocM 
Ordered, 

Nomioal 
Weight.  Lb. 

For  Width  of  Plate  ufoUowi: 

In. 

Per  Sq.  ft 

Uatlcf  JO 

In. 

so  to  70 
In..  Etol. 

70  In.  or 
Over. 

Under  7S 
In. 

75  to  100 
In..  £xd. 

IDG  to  Its 

Id..  E«cL 

115  In.  or 

OVCT. 

5. 10  to   6.37 

6.37"  7.6s 

7.65  "  10.20 

xo 

15 
12.5 

10 

10 

17 
15 

•• 

" 

•■ 

A 

10,20 
12.75 

10 

8 

H 

12 

1*8 

16 

1 

15-30 

17-85 

•  ■ 

I 

10 
8 

0 

IQ 

17 
13 

1 

20.40 

S 

7 

9 

13 

ft 

22-95 

4.5 

6,5 

8.5 

n 

Overt 

25-50 

4 
3-5 

6 
S 

8 
6.5 

10 
9 

VII.     INSPECTION  AND  REJECTION. 

15.  Inspection.  The  insfuxtor  representing  the  purchaser  shai!  have  free  entr>',  at  all  time* 
while  work  on  the  contract  ol  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  afford 
the  inspector,  free  of  crwt,  all  reastiinable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analj'sea)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  go 
conducted  as  rn^t  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  Kiscd  on  tests  made  In  accortj- 
ancc  with  Section  5  shall  Ik*  rep^irted  within  five  working  days  from  the  receipt  of  samples. 

(b)  Materia]  which  shows  injurious  defects  subsequent  to  its  acccpta.ncc  at  the  manufacttircr's 
works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  acconlance  with  Sit-tion  5.  which  represent  rejected 
materia),  sha!!  be  preserve*!  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  diss^itii*- 
factton  with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 


STANDARD    SPECIFICATIONS    FOR    STRUCTURAL    NICKEL    STEEL 

OF   THE 

AMERICAN  SOCIETY  FOR  TESTING  MATKRI.^LS. 
Adopted  August  25,  1913. 

I.    MANUFACTURE. 

t.  Process.    The  steel  shall  be  made  by  the  open-hearth  process. 
2.  Discard.     A  sufficient  discard  shall  be  made  from  each  ingot  intended  for  eye-bars  to 
secure  freedom  from  injurious  piping  and  undue  segregation. 


II.     CHEMICAL  PROPERTIES  AND  TESTS. 

The  steel  shall  conform  to  the  following  requtrcments  as  to 

RiVTT  STVKL. 


3.  Chemical  Composition 
chemical  cumpobition; 

STBtCTt.'BAL  STKKL* 

Carbon not  over  0.45 

Manganese "      "    0.70 

Pho,phoru.{A^;;;;;;;;;;;;;;;;;  W      W    -^ 

Sulphur , ••       "    0.04 

Nickel not  under   3.25 


not  over  0.30  per  cent 
"      "    0.60 


not  under 


0.04 
0.03 
0.04 
3.25 


4.  Ladle  Analyses,  An  analysis  shall  be  made  by  the  manufacturer  from  a  test  inRot  taken 
during  the  ixiuring  of  each  melt.  A  copy  of  this  analysis  shall  be  p\Tn  to  the  purchaser  or  his 
representative.     This  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 
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5.  Check  Analyses.     A  check  analysis  may  be  made  by  the  purchaser  from  finished  material 
npresentins  each  melt,  and  this  analysis  shall  conform  to  the  requirements  specified  in  Section  3. 

in.     [PHYSICAL   PROPERTIES  AND  TESTS. 

6.  Tension  Tests,     (a)  The  steel  shaU  conform  to  the  following  requirements  as  to  tensile 
properties; 

Tensile  Ppoperties  from  "Specimen  Tests. 


Rlveta. 

and  Baia. 

Eye- Bars  and  RoU 
tcr*,'  Uiiamiralcd. 

Eye- Bars"  and 
PiiiH.''  Annulled. 

Tensile  strength,  lb.  per  »q.  in.. . 
Yield  point,  min.,  lb.  per  sq.  in. . 

Elongation  in  8  in.,  min.,  percent. 
Klongition  in  2  in.,  min.,  per  cent. 

70,000-80,000 

45.000 

1,500,000 

Tens.  Str. 

85,000-100,000 

50,000 

1,500.000* 

Tens.  Str. 

95.000-110,000 
55,000 

1,500.000^ 

Tens.  Sir. 
16 

as 

90,000-105,000 
52,000 

20 

20 

35 

Reduction  of  area  min.,  per  cent.. 

40 

25 

•  Teats  of  annealed  spociracns  of  eye-bars  shall  be  made  for  information  only, 

*Scc  S.'Ction  7. 

'  Elongation  shall  be  measured  in  2  in. 

(h)  The  vicM  point  shall  be  determimxl  by  the  drop  of  the  beam  of  the  testing  machine. 

7.  Modidcations  in  Elongation.  For  plates,  shapes  and  unannealcd  bars  over  t  in.  in  thick- 
nesa,  a  dedtiolion  of  1  from  thL*  percentage  of  elongation  s[X'rifu-(l  in  Section  6  shall  be  made  for 
each  increase  of  i  in.  in  thickness  alwvc  I  In.,  to  a  minimum  of  14  per  cent. 

8.  Character  of  Fracture.  All  broken  tension  test  specimens  shall  show  either  a  silky  or  a 
very  fine  granular  fracture,  of  uniform  color,  and  free  from  coarse  crystals. 

9.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and  bars  shall  bend  cold  through 
180  dctf.  wilhout  fracture  on  the  outside  of  the  Ijent  portion,  as  follows:  For  material  }  in.  or  under 
in  thickness,  around  a  pin  the  diameter  of  which  is  efpial  to  the  thickness  nf  the  specimen;  and  for 
material  over  }  in.  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen. 

(6)  The  test  specimen  for  pins  and  rollers  shall  l>cnd  cold  through  180  deg.  around  a  I  in. 
(Mn,  without  fracture  on  the  outside  of  the  bent  portion. 

(r)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  llat  on  itself  without 
cracking  on  the  outside  of  the  bt^nt  portion. 

10.  Tests  of  Angles,  (a)  Angles  with  1  in.  legs  or  under,  and  )  in.  or  under  in  thickness^ 
shall  open  Hat  or  iK'nd  shut,  cold,  under  the  blows  of  a  hammer  without  cracking. 

{b)  .\nglrs  with  Itg:^  over  4  in.,  or  over  i  in.  in  thickness,  shall  open  to  an  angle  of  150  deg., 
or  close  to  an  angle  of  .^o  deg.,  cold,  under  the  blows  of  a  hammer  without  cracking. 

11.  Drift  Tests.  Punched  rivet  holes  pitched  two  diameters  from  a  planed  edge  shall  stand 
drifting  until  the  diameter  is  enlarged  50  per  cent  without  cracking  the  metal. 

12.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  shall  be  taken  from  the  finished 
rolled  ur  forged  material.     Specimens  for  pins  shall  be  taken  after  annealing. 

(b)  Ten&ion  and  bend  test  specimens  for  plates,  shapes  ant\  bars,  except  as  specified  in  Para- 
grajjh  (f),  shall  l>e  of  the  full  thickness  of  material  as  rolled.  They  may  be  machined  to  the  form 
and  iJimen»ons  shown  in  Fig.  1.  or  with  both  edges  parallel;  except  that  bend  test  specimens  shall 
not  U*  Ies4  than  2  in.  in  width,  and  that  bend  test  specimens  for  eye-bar  Hats  may  have  three 
rolled  sides. 
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(c)  Tension  and  bend  tost  specimens  for  plates  and  bars  (except  eye-bar  flats)  over  I J  in.  in 
thickness  or  diameter  may  be  machined  tu  a  ihickncss  or  diameter  of  at  least  1  in.  for  a  length  of 
at  k*att  9  in. 
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(d)  Tho  axis  of  tension  and  hcnd  test  specimens  for  pins  and  rollers  shall  be  i  in.  from  the 
surface  and  parallel  to  the  axis  of  the  har.  Tension  test  specimens  shall  be  of  the  form  and  dimen- 
sions Bhown  in  Fig.  2.     Bend  test  specimens  shall  he  i  by  4  in.  in  section. 

(r)  Tt-nsion  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  full-size  section  of  bars  as 
rolled . 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt; 
except  that  if  material  from  one  melt  cJiffers  j  in.  or  more  in  thiclcnet^,  one  tension  and  one  bend 
test  shall  be  made  from  l>ith  the  thickest  and  the  thinnt^t  mutrrial  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  an  8-in.  tension 
test  specimen  breaks  outside  the  middle  third  of  the  gage  length,  or  if  a  2-in.  tension  test  specimen 
breaks  outside  the  gage  length,  it  may  be  discardcxl  and  another  ^ixx-imen  subMituted. 


IV.    PERMISSIBLE  VARIATIONS   IN   WEIGHT  AND   GAGE. 

14.  Permissible  Variations.  The  cross  section  or  weight  of  each  piere  of  steel  shall  not  vary 
more  than  3.5  per  cent  from  that  specified;  except  in  the  case  of  sheared  plates,  which  bhall  be 
covered  by  the  following  permissible  varialtons  to  apply  to  single  plates: 

(a)  When  Ordered  to  Weiahl. — For  plates  12J  lb.  per  s<|.  ft.  or  over: 

Under  icx)  in.  in  width,  2.5  per  cent  above  or  oelow  the  specified  weight; 
too  in.  in  width  and  over,  5  per  cent  above  or  below  the  specified  weight. 
For  plates  under  I2|  lb.  per  sq.  ft.: 

Under  75  in,  in  width,  2.5  per  cent  above  or  below  the  specified  weight; 

75  to  100  in.  in  width,  5  per  cent  alwve  or  3  |5cr  cent  below  the  specified  weight; 

100  in.  in  width  and  over,  10  per  cent  above  or  3  per  cent  below  the  specified  weight. 

(b)  When  Ordered  to  Gage. — ^The  thickness  of  each  plate  shall  not  var>'  more  than  0,01  in. 
below  that  ordered. 

An  excess  over  the  nominal  weight  corresponding  to  the  dimensions  on  the  order  shall  be 
allowed  for  each  plate,  if  not  more  th:in  that  shown  in  the  following  table,  one  cubic  inch  of  rolled 
Bteel  being  assumed  to  weigh  0.2833  I^'- 


Allowaalk  iixccss  (Kxfitn&Bo  as  pRKcsNtACc  or  Nominal  Weight).          | 

Thickness 

Ordered. 

In. 

Nominal 
WcWht.  Lh. 
Per  Sq.  Ft 

For  Width  o(  Plate  tu  (oUowt: 

Under  50 
In. 

50  to  70 
In..  Exd. 

70  Id.  or 
Over. 

Under  74 
In. 

7S  to  100 

In,.  Excl. 

100  to  IIS 
In..  Ecct. 

115  Id.  or 
Ovrr. 

m 

5.10  to    6.37 
6.37"     7.65 
7.65  "   10.20 

10 

8.5 
7 

IS 

12.5 

10 

30 

>7 

-• 

•■ 

■• 

■■ 

A 

10.20 
12-75 

10 

8 

"4 
11 

18 
16 

I 

15.30 
17.85 

I 

to 

8 

13 

10 

17 
13 

■1 

Overl 

20.40 
12.95 
2;.50 

* 

S 

4.5 

4 
3.5 

1' 

5 

h 

6.5 

12 
11 

10 

9 

V.    FINISH. 

15.  Finish.     The  finished  material  shall  he  free  from  injurious  scams,  slivers,  flaws  and  other 
defects,  and  shall  have  a  workmanlike  finish. 
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VI.     MARKING. 

i6.  Marking.     The  name  or  brand  of  the  manufacturer  and  the  mcll  numlwr  shall  lie  Uyibly 

impetl  or  rolled  on  ull  finished  material,  except  that  rivet  and  lattice  bars  and  uther  small  sections 

lall,   when  loadt-d   for  shipment,  Ih;  pruperly  separatcHi  ami   marked  for  identificatifm.     The 

idcniifiuation  marks  shall  be  legibly  siamptxl  on  the  end  of  each  pin  and  roller.     The  melt  number 

shall  be  legibly  marked,  by  stamping  if  practicable,  on  cadi  test  specimen. 

VII.     INSPECTION. 

17.  Inspection.  The  inspector  rcfiresenting  the  purchaser  shall  have  free  entry,  at  alt  timea 
while  work  on  the  contract  of  the  purchaser  is  being  [^Krlormed,  to  all  piirts  of  the  manufacturer's 
works  which  con-crn  the  manufacture  of  the  material  ordered.  The  manufacturer  shall  aflfnnl 
the  inspector,  free  of  cost,  all  rL-as*Jiiable  facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications,  all  tests  (except  check  analj'ses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  oiherwis<!  spirtfied,  and  shall  Ix."  so 
cunductetl  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

18.  Rejection,  {u)  Unless  othon*'isc  sj^cified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  5  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(tf)  Material  which  shows  mjurioua  defects  subsequent  lo  its  acceptance  at  the  manufacturer's 
works  will  be  rejwrted  and  the  manufacturer  shall  l?e  notified. 

19.  Rehearing.  Siimplcs  tested  in  accordance  with  Section  5,  which  represent  rejected 
material,  shall  be  preser\'i'd  Utr  two  weeks  from  the  dale  of  the  test  report.  In  case  of  dissatis- 
faction with  the  re^ultii  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that 
time. 

VIM.     FULL  SIZE  TESTS. 

3o.  Tests  of  Eye-Bars,  (a)  Full  size  tests  of  annealed  eye-bars  shall  conform  to  the  following 
requirements  as  to  tensile  properties: 

Tensile  strength.  lb.  jier.  stj.  in 85,cx)0- 1 00,000 

Yield  point,  min.,  lb.  per  sq.  In 48,000 

['Elongation  in  l8  ft.,  min.,  fier  cent 10 

Reduction  of  area,  min.,  jx-r  cent 30 

(b)  The  yield  point  shall  be  determined  by  the  halt  of  the  gage  of  the  testing  machine. 


STANDARD  SPECIFICATIONS  FOR  BOILER  RIVET  STEEL 

OF   THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 

Adopted  Aitgust  25,  iqi.v 

A.     Requirements  for  Rolled  Bars, 

I.     MANUFACTURE. 

1,  Process.     The  steel  shall  be  made  by  the  opcn-hcarth  proccfls. 

II.  CHEMICAL    PROPERTIES   AND   TESTS. 

3.  Chemical  Composition.  The  steel  shall  conform  to  the  following  requirements  as  to 
chemical  com[x>sition: 

Manganese 0.30-0.50  per  cent 

Phosphorus not  over  0.04        " 

Sulphur '*       "    0.045      " 

3.  Ladle  Analyses.  An  analysis  to  determine  the  percentages  of  airbon,  manganese,  phos- 
phorus and  sulphur  shall  lie  made  by  the  manufacturer  from  a  tt-Kt  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  Ix*  given  to  the  purchaser  or  his  representative.  This  an.ilysis 
•hall  Conform  to  the  re<|uiremenl3  sixvifteil  in  Section  2. 

4.  Check  Analyses.  A  check  analysis  may  Ijc  made  by  the  purchaser  from  finishetl  material 
rvprenenting  each  melt,  and  this  analysis  shall  conform  to  the  requirements  HjKcified  in  5)cction  2. 

III.  PHYSICAL   PROPERTIES  AND  TESTS. 

5.  Tension  Tests,  (u)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
pnopiTties; 
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Tensile  strength,  lb.  per  sq.  in 45,000-55,000 

Yield  point,  min..  lb.  per  aq*  in 0.5  tens.  sir. 

^,  .      .    „  .  .  1.500.000 

Elongation  tn  8  m.,  mm.,  per  cent, ^ — — 

*  »  '  t  Tens.  str. 

(But  need  not  exceed  30  per  cent) 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Bend  Tests,  (a)  Cold-btnd  Tests.— T)\c  test  si^ccimcn  shall  bend  cold  through  180  dcg. 
flat  on  itself  without  cracking  on  the  outside  of  the  bent  jwrtion. 

{b)  QuencH-bend  Tests. — The  test  sfjecimen,  when  heated  to  a  light  cherry  red  as  iscen  in  the 
dark  (not  less  th.in  1200"  F.).  and  quenched  at  once  in  water  the  temperature  of  which  ia  between 
So**  and  90*  F.,  shall  bend  through  i&o"  fiat  on  itself  without  cracking  on  the  outside  ol  the  bent 
portion. 

7.  Test  Specimens.  Tension  and  bend  test  specimens  shall  be  of  the  full-size  section  of 
material  as  rnllefl. 

8.  Number  of  Tests,  (a)  Two  tension,  two  cold-bcnd,  and  two  quench^bend  tests  shall  be 
made  from  each  melt,  each  of  which  shall  conform  to  the  requirements  specified. 

(b)  If  any  test  specimen  develops  Haws,  or  if  a  tension  test  specimen  breaks  outside  the  middle 
third  of  the  gage  length,  it  may  be  discarded  and  another  specimen  substituted. 

TV.    PERMISSIBLE  VARIATIONS  IN   GAGE. 

9.  Pennissible  Variations.  The  gage  of  each  bar  shall  nut  vary  more  than  o.oi  in.  from  that 
specified. 

V.    WORKMANSHIP  AND  FINISH. 

10.  Workmanship.     The  finished  bars  shall  be  circular  within  o.oi  in. 

11.  Finish.  The  bnishcd  bars  shall  be  free  from  injurious  defects,  and  shall  have  a  workman- 
like  finish. 

VI.    MARKING. 

12.  Marking.  Rivet  bars  shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
with  thc^  name  or  brand  of  the  manufacturer  and  the  melt  number  for  identification.  The  melt 
number  shall  be  legibly  marked,  by  stamping  if  practicable,  on  eacit  test  specimen. 

VII.    INSPECTION  AND   REJECTION. 

13.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturrr's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  l>ars  are  being  furnished  in 
accordance  with  these  specifications.  AH  tests  (except  rhwk  analyses)  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (a)  Unless  otheru'ise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  4  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Bars  which  show  injurious  defects  suljsecjuent  to  their  acceptance  at  tlie  manufacturer*; 
works  will  Ih"  rejected,  and  the  manufacturer  shall  l*e  notified. 

15.  Rehearing.  Samples  tested  in  accordance  with  Section  4,  which  represent  rejected  bars, 
shall  be  pa-served  for  two  wvc*ks  from  the  date  of  the  test  rcixtrt.  In  case  of  dissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 


I. 


B.     Requirements  for  Rivets. 
PHYSICAL   PROPERTIES  AND  TESTS. 


16.  Tension  Tests.  The  rivets,  when  tested,  shall  confonn  to  the  requirements  as  to  tcnfiile 
properties  spt*cificd  in  Section  5,  except  that  the  elongation  shall  be  measured  on  a  gage  length  not 
less  than  four  limes  the  diameter  of  the  rivet. 

17.  Bend  Tests.  The  rivet  shank  shall  bend  cold  through  1 80  degrees  flat  on  itself  without 
cracking  r>n  the  outside  of  the  bent  portion. 

i8.  Flattening  Tests.  The  rivut  heads  shall  fiatten,  while  hot,  to  a  diameter  a|  times  the 
diameter  of  the  shank  without  cracking  at  the  edges. 

19.  ((])  When  specified,  one  tension  test  shall  be  made  from  each  sijtc  in  each  lot  of  riwts 
offered  for  inspection. 


(&)  Three  bend  and  three  flattening  tests  shall  be  made  from  each  sixe  in  each  lot  of  rivets 
offered  for  in^Mxrtion,  each  of  which  shall  conform  to  the  requirements  specified. 

II.    WORKMANSHIP  AND  FINISH. 

20.  Workmanship.  Rivets  shall  be  true  to  form,  concentric,  and  shall  be  made  in  a  work- 
manlike mannLT. 

21.  Finish.     The  linished  rivets  shall  be  free  from  injurious  defects. 

in.     INSPECTION   AND   REJECTION. 

23.  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  tht-  contract  of  the  purchaser  is  t>cing  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  rivets  ordered.  The  manufacturer  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  rivets  are  iK-in^  furnished  in 
accordance  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

23.  Rejection.  Rivets  which  show  injurious  defects  subsequent  to  their  acceptance  at  the 
mdnufacturur's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


ST.^NDARD  SPECIFICATIONS  FOR  BILLET-STEEL   REINFORCEMENT  BARS* 

OF  TBB 

AxMERICAN  SOCIETY  FOR  TESTING  MATERL\LS. 
Adopted  August  25,  1913. 

T.  Classes,  (a)  These  specifications  cover  three  classes  of  billet -steel  concrete  reinforcement 
bars,  namely:  plain,  defonned,  and  culd-twisted. 

(fr)  plain  and  deformed  bars  arc  of  two  grades,  namely:  structural  steel  and  hard. 

2.  Basis  of  Purchase,     (a)  The  hard  grade  will  bo  used  only  when  spccifuHl. 

(&)  If  desired,  cold-twisted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars 
before  twisting,  in  which  c.isc  such  tests  shall  govern  and  shall  conform  to  the  requirements  spcci- 
6ed  for  plain  bars  of  structural  steel  grade. 

I.    MANUFACTURE. 

3.  Process.     (0)  The  steel  may  be  made  by  the  Bessemer  or  the  open-hearth  process. 
(b)  The  bars  shall  be  rolled  from  new  bilk'ts.     No  rcrolled  material  will  bo  accoptetl. 

4.  Cold-twisted  Bars.  Cold-twisted  bars  Fihall  be  twisted  cold  with  one  complete  twist  in  a 
length  not  over  12  times  the  thickness  of  the  bar. 

II.    CHEMICAL  PROPERTIES  AND  TESTS. 

5.  Chemical  Composition.    The  steel  shall  conform  to  the  following  rc<iutrcment9  as  to 

chemical  com)Hjsition: 

ni.^    k^-..-/  Bessemer not  over  O.IO  per  cent 

Phosphorus'lQp^^.,,^^ ..    j,^^'    » 

6.  Ladle  Analyses.  An  analysis  to  determine  the  percentage  of  carbon,  manganese,  phos- 
phorus  ami  sulphur,  t^hall  be  made  by  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  Thisaadysis 
ohall  conform  to  the  requirements  specific<l  in  Section  5. 

7.  Check  Analyses.  Analyses  may  Ix.*  made  by  the  purchaser  from  finished  bars  representing 
each  melt  of  open-hearth  steel,  and  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel,  in  which  case  an 

of  35  per  cent  above  the  ^quircmcnts  specified  in  Section  5  shall  be  allowed. 


III.     PHYSICAL   PROPERTIES  AND  TESTS. 

R.  Tension  Tests,     [a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 

*  For  the  American  Railway  Engineering  ABsoctation  specifications  for  steel  reinforcement, 
•ce  Chapter  VI,  p.  27a. 
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rropenlei  CoasideRd. 

Pl^n  Ban. 

Oeformed  Ban. 

Cold.twisted 
Ban. 

Structural  Steel 
Gnule. 

Hard  Grade. 

Structural  Stcd 
Grade. 

Hud  Gnule. 

Tensile    strength,    lb. 

per  sq.  in 

55,000-70,000 

33.000 
1.400000* 

Tens.  8tr, 

80.000  min. 

S0.00U 

1,200.000* 
Tens.  str. 

55,000-70,000 

33.000 

1.250000' 
Tens.  str. 

80,000  min. 

50.000 

1,000.000* 
Tens.  itr. 

Recorded 
only. 

55.000 
5 

Yield  point,  min.,  lb. 
per  so.  in 

Elongation   in    8    in., 
min.,  per  cent 

(h)  The  yield  point  shall  !>e  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9,  Modifications  in  Elongatioa.  U)  For  plain  and  dtformcd  bars  over  J  in.  in  thicknc-^ss 
or  dianiftur,  a  tlrdtu  I  ion  of  1  Irutii  llu-  |K*rtvntaK<^'s  uf  tiVpnyation  sfK'cified  in  Set'tiun  H  (a)  shall  be 
made  for  each  inL-rea!»e  of  |  in.  in  thickness  or  dLimcter  aliove  }  in. 

{b)  For  plain  and  deformed  bars  under  {^  in.  in  thickness  or  diameter,  a  deduction  of  I  from 
the  (>LTCentages  of  elongation  spccilicd  in  Section  S  {a)  shall  be  made  fwcach  decrease  of  ^  in.  in 
thickness  or  diameter  below  i'«  in. 

10.  Bead  Tests.  The  test  snecimcn  shall  bend  cold  around  a  pin  without  cracking  on  the 
outside  of  the  bent  portion,  ut»  fullowB: 

Bend  Test  Requirf-MENts. 


I'loin  O^rs. 


Ttilcknem  or  Diamclcr  of  Bar. 


Under  J  in. . 
i  in.  or  over. 


StnicUira! 
Steel  Grade- 


180  deg. 

d  =  t 

180  dcg. 

d  =  i 


Hard  Grade. 


180  deg. 

d^3t 

90  deg. 

d-3t 


UefonnL-d  Bars. 


Structiirat 
Steel  Grade. 


180  deg. 

d=»t 
90  deg. 

d  =  2t 


Hud  Grade. 


180  deg. 

d-+t 

90  deg. 

d  =  4t 


Cold'lwutrd 

Bart. 


180  deg. 

d»3t 
180  deg. 

d-3t 


Explanatory  Note;  U  =  the  <lianictcr  of  pin  about  whii-h  the  specimen  is  bent; 

t  =  the  thickness  or  diameter  of  the  specimen. 

mens,  (a)  Tension  and  Wnd  test  specimens 
shall  be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  material  as 
rolled;  except  that  the  specimens  for  deformed  bars  may  be  machined  for  a  Icn(fth  of  at  least  9  in., 
if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

(6)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  bo  taken  from  the  finished 
bars,  without  further  treatment;  except  as  specified  in  Section  2  (6). 

12.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of 
open-hearth  slcel,  and  from  each  melt,  or  lot  of  ten  tons,  of  Bessemer  steel;  except  that  if  material 
from  one  melt  differs  I  in.  or  more  in  thickness  or  diameter,  one  tension  and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(&)  If  any  test  si)ecimen  shows  defective  machininK  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  tJurd  of  the  gage  length,  it  may  be  disoirdetl  and  another 
specimen  substituted. 

IV.     PERMISSIBLE  VARIATIONS   IN   WEIGHT. 

[,-f.  Permissible  Variations.     The  wtight  of  any  lot  of  bars  shall  not  vary  more  than  5  pcf^ 
cent  from  the  thcurelical  weight  of  that  lot. 


See  Section  9. 
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V.     FINISH. 

14.  Flnlslh  The  finished  bars  shall  be  (rcc  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

VI.     INSPECTION   AND   REJECTION. 

15.  Inspection.  The  instMxtor  representing  the  purchaser  shall  have  free  i^ntry,  at  all  times 
while  work  on  t  he  conlraet  of  the  purchaser  is  bein^  pLTfurmed,  to  all  parts  of  the  manufacturpr's 
works  whicin  concern  the  manufacture  of  the  bars  ordered.  The  manufacturur  shall  afford  the 
insjK.'ctor,  free  i>f  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
accordance  with  these  specifications.  All  tests  (ejcccpt  check  analyses)  and  ins[»ec!ion  sh.ill  be 
made  at  the  place  uf  manufacture  prior  to  shipment,  unless  otherwise  sixxrified,  and  shall  be  so 
Conducted  as  not  to  intrrfrrt'  unnecessarily  with  the  o[>cration  of  the  works. 

16.  Rejection,  (u)  Unless  otherwise  specified,  any  rejection  bascni  on  tests  made  in  accord- 
ancc  with  Section  7  shall  be  re[X>rted  within  five  working  days  from  the  receipt  of  samples. 

(6)  Bars  which  show  injurious  defects  subsetiuent  to  their  acceptance  at  the  manufacturer's 
works  will  be  reiertcd,  and  the  manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  Section  7,  which  represent  rejected  bars, 
«h.ill  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  tlissatisfaction  with 
the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  that  time. 


STANDARD  SPECIFICATIONS  FOR  RAIL-STEEL  REINFORCEMENT  BARS 

OF   THE 

AMERICAN  SOCIETY  FOR  TESTING  MATERIALS. 
Adopted  August  25,  lyij. 

T.  Classes.    These  specifications  cover  three  classes  of  ratl-stcel  conctietc  reinforcement  bars, 
namely:  plain,  deformed,  and  hot-twisted. 

I.     MANUFACTURE. 

2.  Process.     The  bars  shall  be  rolled  from  standanl  section  Tee  rails. 

3.  Hot-twisted  Bars.     I  lot-twisted  bars  shall  have  one  complete  twist  in  a  length  not  over 
12  times  the  thickness  of  the  bar. 

11.     PHYSICAL   PROPERTIES   AND   TESTS. 

4.  Tension  Tests,     {n)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 

tensile  pn»perties: 


Pfoptrllpa  C-oosiilcreJ. 

Tensile  strcnjfth,  lb.  per  tq.  in, 
Yield  point,  lb.  per  aq.  in 

Elongation  in  8  in.,  per  cent'.. 


pluiii  Ban. 


80.000 

50.000 

1.300  OOP 

Tens.  8tr. 


t>vfornicd  and  ]|ut-lwi»te<]  Hani, 


80.000 
50  000 

rooo.ooo 
Tfns.  str. 


(b)  The  yield  iy»int  shall  U*  determined  by  the  drf>p  of  the  beam  of  the  leslinR  machine. 

5.  Modifications  in  Elongation,  (a)  Far  bars  over  1  in.  in  thickness  or  diameter,  a  deduction 
i»f  I  from  the  (KTcentaRes  of  elonsratinn  speeified  in  Section  4  (a)  shall  be  made  lor  each  UiCTCiue 
of  I  in.  in  thicknesH  t>r  diametL-r  above  |  m. 

(b)  For  bars  unfler  i^  in.  in  thickness  or  diameter,  a  deduction  of  1  from  the  percentages  of 
dongation  speeificd  in  Section  4  (a)  shall  be  made  for  each  decrease  of  ^  in.  in  thickness  or  di- 
amctur  Ir'Iow  1^  id. 

6.  Bend  Tests.  Tlie  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the 
outbide  of  the  bent  portion,  as  follows: 

See  Section  5. 
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Thicknets  or  Diameter  of  Bar. 

Ftain  Bars. 

Deformed  and  Hot-f-wisted  Ban. 

Under  \  in 

x8o  dcg. 
d  =  Jt 
Qodeg. 
d«3t 

180  dcg. 
d-^t 
90  dcg. 
ds«>4t 

J  in.  or  over 

ElxpLANATORT  Note:  d  =  thc  diamctcfof  pin  about  which  the  sjyccimen  18  bent; 
t=the  thickness  or  diameter  of  the  specimen. 

7.  Test  Specimens,  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall 
be  taken  from  the  finished  bars,  and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled; 
except  that  the  specimens  for  deformed  bars  niay  be  machined  for  a  length  of  at  least  9  in.,  if 
deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross-section. 

{b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished 
bars,  without  further  treatment. 

8.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  ten 
tons  or  less  of  each  size  of  bar  rolled  from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal 
weight. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  breaks  outside  the  middle  third  of  the  gage  length,  it  may  be  diiscarded  and  another 
specimen  substituted. 

III.    PERMISSIBLE  VARIATIONS  IN  WEIGHT. 

9.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5  per  cent 
from  the  theoretical  weight  of  that  lot. 

IV.    FINISH. 

10.  Finish.  The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workman- 
like finish. 

V.    INSPECTION  AND   REJECTION. 

1 1 .  Inspection.  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purcnaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the 
in»|HH-tor,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  bars  are  being  furnished  in 
nwonlancc  with  these  specifications.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

13.  Rejection.  Bars  which  show  injurious  defects  subsequent  to  their  acceptaiKe  at  the 
manufacturer's  works  will  be  rejected,  and  the  manufacturer  shall  be  notified. 


STANDARD  SPECIFICATIONS  FOR  STEEL  CASTINGS 

OF  THE 

AMERICAN  SOCIETY  FOR  TESTING   MATERIALS 
Adopted  August  25,  1913. 

I.  Classes.    These  specifications  cover  two  classes  of  castings,  namely: 

Class  A,  ordinary  casting  for  which  no  physical  requirements  are  specified; 

Class  B,  castings  for  which  physical  requirements  are  specified.  These  are  of  three  grades: 
hard,  medium,  and  soft. 

3.  Patterns.^  (a)  Patterns  shall  be  made  so  that  sufllicient  finish  is  allowed  to  provide  for  all 
variations  in  shrinkage. 

(6)  Patterns  shall  be  painted  three  colors  to  represent  metal,  cores,  and  finished  surfaces. 
It  is  recommended  that  core  prints  shall  be  painted  black  and  finished  surfaces  red. 

3.  Basis  of  Purchase.  The  purchaser  shall  indicate  his  intention  to  substitute  the  test  to 
destruction  specified  in  Section  1 1  for  the  tension  and  bend  tests,  and  shall  designate  the  patterns 
from  which  castings  for  this  test  shall  be  made. 
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m  I.     MANUFACTURE. 

4.  Process.  The  steel  may  be  made  by  the  o|>en-hearth,  crucible,  or  any  other  procesa 
approved  by  lUv  piirt-h.iser. 

5.  Heat  Treatment,     (a)  Class  A  castings  need  not  be  annealctl  unless  otherwise  specified. 
(6)  Class  B  castings  shall  be  allowed  to  l>ecomc  cold.     They  shall  then  be  uniformly  reheated 

to  the  proper  temperature  to  refine  the  grain  (a  group  thus  reheated  being  known  as  an  "  annealing 
charge  "),  and  allowed  to  cool  uniformly  and  slowly.  If,  in  the  opiiuun  of  the  purchaser  or  his 
representative,  a  casting  is  not  properly  anncalcti,  he  may  at  his  option  require  the  casting  to  be 
re-annealed. 

II.    CHEMICAL  PROPERTIES  AND   TESTS. 

6.  Chemical  Compositioiu  The  castings  shall  conform  to  the  following  requirements  as  to 
chemical  composition: 

Class  A.  Class  B. 

Carbon not  over  0.30  per  cent  

Phosphorus "      '*    o,o5       "  not  over  0.05  per  cent 

Sulphur ;•       "    0.05 

7.  Ladle  Analjrses.  An  analysis  to  determine  the  percentages  of  carbon,  manganese,  phos- 
phorus and  sulphur  shall  Ix.*  made  bv  the  manufacturer  from  a  test  ingot  taken  during  the  pouring 
of  each  melt,  a  copy  of  which  shall  be  given  to  the  purchaser  or  his  representative.  This  analysis 
shall  conform  to  the  requirements  specified  in  Section  6.  Drillings  for  analysis  shall  be  taken  not 
less  than  {  in.  beneath  the  surface  of  the  test  ingot. 

8.  Check  Analyses,  (u)  Analyses  of  Class  A  castings  may  be  made  by  the  purchaser,  in 
which  case  an  exA:ess  of  ao  per  cent  above  the  r«|uirement  as  to  phosphorus  s|xx:ificd  in  Section  6 
shall  be  allowed.     Drillings  for  analysis  shall  be  taken  not  less  than  {  in.  beneath  the  surface. 

(6)  Analyses  of  Class  B  castings  may  be  made  by  the  purchaser  from  a  broken  tension  or 
bend  test  specimen,  in  which  case  an  excess  of  30  per  cent  abtwe  the  requirements  as  to  phos- 
phorus and  sulphur  specified  in  Section  6  shall  be  allowed.  Drillings  for  analysis  shall  be  taken 
not  less  than  I  in.  beneath  the  surface. 


III.    PHYSICAL   PROPERTIES   AND  TESTS 
(For  Class  B  Castings  Only.) 

9.  Tension  Tests,  (a)  The  castings  shall  conform  to  the  following  minimum  rcquiremcnta 
as  to  tensile  properties: 

Hakd. 

Tensile  strength,  lb.  per  sq.  in 80000 

Yield  iwint,  lb.  per  s(|.  In 36  000 

Elongation  in  2  in.,  per  cent ...      15 

Reduction  of  area,       '*       20 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

10.  Bend  Tests,  (a)  The  test  specimen  for  M'>ft  castings  shall  bend  cold  through  I30  deg., 
and  for  medium  castings  through  90  deg.,  around  a  i-in.  pin,  without  cracking  on  the  outside  of 
the  bent  portion. 

(A)  Hard  castings  shall  not  be  subject  to  bend  test  requirements. 

11.  Alternative  Testa  to  Destruction.  In  the  case  of  small  or  unimportant  castings,  a  test  to 
destruction  on  three  cistings  from  a  lot  may  be  subatituted  for  the  tension  and  \)cnd  tests.     This 


^ 


Mboium. 

Soft. 

70000 

60000 

31500 

27  000 

18 

22 

25 

30 

i\\  show  the  material  to  be  ductile,  free  from  injurious  defects,  and  suitable  for  the  purpose 
A  lot  <%hnll  ronsi.st  of  all  castings  from  one  melt,  in  the  name  annealing  charge. 
12,  Test  Specimens,     (a)  Sufficient  le«t  liars,  from  which  the  test  specimens  required  in 
Section  13  {a)  may  be  selected,  shall  be  attached  to  castings  weigtung  500  lb.  or  over*  when  the 


d 


512 


ENGINEERING   Mi 


dcsi|;n  of  thu  castiniis  will  permit.  If  the  castings  weigh  less  than  500  lb.,  or  are  of  such  a  desipn 
liiat  test  bars  cannot  bv  MUichvi],  two  test  hara  shall  be  cast  to  represent  each  nu-It;  or  the  quality 
of  the  caalinga  shall  be  determined  by  tests  to  destruction  as  specified  ia  Sectioo  1 1.  All  test 
bars  shall  be  ajinealtd  with  the  castings  they  represent. 

(6)  The  manufacturer  and  purchaser  shall  agri-e  whether  test  liars  can  be  attached  to  castings* 
on  the  location  of  the  bars  on  the  castings,  on  the  castings  to  which  bars  are  to  be  attached,  and 
on  the  method  of  casting  unattached  l:>ars. 

(c)  Tension  test  six'cimens  shall  he  of  the  form  and  dimensions  shown  in  Fig.  i.  Dcnd  lest 
specimens  shall  be  niacnined  to  i  by  J  in.  in  section  with  corners  rounded  to  a  radius  not  over  iV  in. 

13.  Number  of  Tests,  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  annealing 
charge.  If  more  than  one  melt  is  represented  in  an  annealing  charge,  one  tension  and  one  bend 
lest  shall  be  made  from  each  melt. 

(6)  If  any  test  !ijx?cinien  shows  defective  machining  or  develops  flaws,  or  if  a  tension  test 
specimen  brc^iks  outside  the  gage  length,  it  may  lie  discarrle*!;  in  which  case  the  manufacturer  and 
the  purchaser  or  his  representative  shall  agree  upon  the  selection  of  another  specimen  in  its  stead. 

IV.  WORKMANSHIP  AND  FINISH. 

14.  Workmanship.  The  castings  shall  substantially  conform  to  the  sixes  and  shapes  of  the 
patterns,  and  yhall  be  made  in  a  workmanUke  manner. 

15.  Finish,     {a)  The  castings  shall  1x>  free  from  injurious  defects. 

(6)  Minor  defects  which  do  not  impair  the  stn-nglh  of  the  castings  may,  with  the  approval 
of  the  purchaser  or  his  representative,  be  welded  by  an  approved  process.  The  defects  shall  first 
Ik*  cleaned  out  to  solid  metal;  and  after  welding,  the  castings  shall  be  annealed,  if  specified  by  the 
purchaser  or  his  representative. 

(c)  The  castings  offered  for  in5i>ection  shall  not  be  painted  or  covered  with  any  substance 
that  will  hide  defects,  nor  rusted  to  such  an  extent  as  to  hide  defects. 

V,  INSPECTION  AND  REJECTION. 

16.  Inspection.  The  insjxictor  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contnict  of  the  purcnaser  is  being  performed,  to  all  jwrts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  castings  ordered.  The  mantifaclurrr  shall  afford  the 
inspector,  free  of  cost,  all  reasonable  facilities  to  satisfy  him  that  the  castings  arc  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check  analyses)  and  in8fK.*ction  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so 
conducted  as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accord- 
ance with  Section  8  shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(b)  Castings  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manu- 
facturer's works  wilt  be  rejected,  and  the  manufacturer  shall  be  notified. 

18.  Rehearing.  Samples  tested  in  accordance  with  Section  8.  which  represent  rejected 
castings,  shall  be  preserved  for  two  weeks  from  the  date  of  the  test  report.  In  case  of  dissatis- 
faction with  the  results  of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing  within  ttiat 
time. 

VT.    SPECI.\L   REQUIREMENTS  FOR  CASTINGS  FOR  SHIPS. 

19.  Castings  for  Ships.  In  addition  to  the  preceding  requirements,  castings  for  ships,  when 
so  specified,  shall  conform  to  the  following  requirements: 

2a  He«t  Treatment.     All  castings  shall  be  annealed. 

21.  Number  of  Teste,  (a)  One  tension  and  one  l>end  test  shall  be  made  from  each  of  the 
following  casting-;*;  stern  frames,  stern  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets, 
rudders,  steering  quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(b)  When  a  casting  js  made  from  more  than  one  melt,  four  tension  and  four  bend  tests  shall 
be  made  from  each  casting. 

22.  Percussion  Tests,  (a)  A  percu.'wian  test  shall  be  made  on  each  of  the  following  castings: 
stern  frames,  stern  posts,  twin  screw  spectacle  frames,  propellor  shaft  brackets,  rudders,  steering 
quadrants,  tillers,  stems,  anchors,  and  other  castings  when  specified. 

(A)  For  this  lest,  the  casting  shall  be  suspended  by  chains  and  hammered  all  over  with  a 
hammer  of  a  weight  approved  by  the  purchaser  or  his  representative.  If  cracks,  flaws,  defects, 
or  weakness  appear  after  such  treatment,  the  casting  will  be  rejected. 

VII.    SPECIAL  REQUIREMENTS  FOR  CASTINGS  FOR  R^MLWAY  ROLLING  STOCK. 

23^  Castings  for  Railway  Rolling  Stock.  Castings  for  railway  rolling  stock,  when  so  specified, 
shall  conform  to  the  re<iuirements  tor  Class  B  castings.  Sections  1  to  18,  inclusive,  except  that 


check  analyses  mmlc  in  accordance  with  Section  8  (6)  shall  conform  to  the  requirements  as  to 
phosphorus  and  sulphur  specifiecl  in  Section  6. 

CORROSION  OF  IRON  AWD  STEEL.— If  iron  or  stoci  is  left  exposed  to  the  atmosphere 
it  unites  with  oxygen  and  water  to  form  rust.  Where  the  metal  is  fiirthcr  exposed  to  the  artiun 
erf  corrosive  gases  the  rate  of  rusting  is  accelerated  but  the  action  is  simitar  to  that  of  ordinary 
rusting.  Neither  dry  air  nor  water  free  from  oxygen  has  any  corrosive  effect.  While  not  essential 
to  corrosion  acids  greatly  hasten  its  action.  It  seems  evident  that  some  weak  electrolysis  is 
essential  for  corrosive  action.  Where  iron  or  steel  arc  in  contact  with  water  electmlylic  action 
will  always  take  place,  although  the  amount  is  vi-ry  small  under  ordinary  conditions.  Where  a 
considerable  electrolytic  force  exists  the  corrosion  is  greatly  hastened.  The  increase  in  the  use 
of  electricity  has  doubtless  had  a  tendency  to  increase  the  corrosiun  of  iron  and  steel  and  to  make 
the  problem  of  the  prescr\*ation  of  iron  and  steel  from  corrosion  of  great  importance. 

In  an  article  on  "  The  Corrosion  of  Iron  "  in  Proceedings  of  .American  Society  for  Testihg  ' 
Materials,  vol.  VII,  1907,  pages  21 1  to  2J8,  Mr.  Allerson  S.  Cushman  shows  that  the  two  factors 
without  which  the  corrosion  of  injn  is  impossible  are  eIcctroly?is  and  the  presence  of  hydrogen 
in  the  electrolyzed  or  "  ionic  "  condition.  The  electrolytic  action  can  only  take  place  in  the 
presence  of  oxygen  or  some  other  oxidizing  agent.  Rust  i<;  a  hydroxiile  of  iron — ferric  hydroxide , 
FeO|Hf.  The  corrosion  of  iron  or  steel  may  be  prevented  or  retarded  by  covering  it  with  a  coaling 
that  will  protect  it  from  the  water  or  the  air. 

It  is  commonly  beli.viMl,  with  good  reason,  that  cast  iron  corrodes  less  rapidly  than  either 
wrought  iron  orsteel.  The  graphite  in  the  cast  iron  and  the  silicious  coating  that  the  cast  iron 
receives  in  molding  doubtless  assist  in  protecting  the  cast  iron  from  corrosion. 

It  is  also  commonly  believed  that  steel  corrodes  more  rapidly  than  WTOught  iron.  The  tests 
that  have  been  made  to  determine  the  relative  corrosion  of  wrought  iron  and  strel  are  very  con- 
flicting, but  it  apiwars  certain  that  the  difference  in  the  corrosion  of  well  made  steel  and  well  made 
wrought  ir*>n  is  very  slight.  The  acid  test  as  a  measure  of  natural  corrosion  has  been  used,  es- 
pecially by  firms  manufacturing  and  selling  "  ingot  irmn  "  (very  low  carbon  Bessemer  or  open- 
hearth  steel).  Committee  A-5  on  the  Corrosion  of  Iron  and  Steel  of  the  American  Society  for 
Testing  Materials  in  the  Proceedings  of  the  Society,  vol.  XI.  1911,  (xige  100,  states  Mui  it  considers 
ike  acid  test  as  unrelial4e  as  a  measure  oj  natural  corrosion  and  does  not  tecommrnd  its  use. 

In  the  paper  on  "  The  Corrosion  of  Iron  "  above  referred  to,  Mr.  Cushman  states. — '*  A 
very  widespread  impressiim  prevails  that  charcoal  inm  or  a  puddled  wrought  iron  are  more  re- 
sistant to  corrosion  than  steel  manufactured  by  the  Bessemer  and  oixm-hearth  processes.  It  is 
by  no  means  certain  that  this  is  the  case,  but  it  would  follow  from  the  electrolytic  thct)ry  that  in 
order  to  have  the  highest  resistance  to  corrosion  a  metal  should  either  be  as  free  as  possible  from 
certain  impurities,  surh  as  manganese,  or  should  be  so  homogene<3Us  as  not  to  retain  localized 
jxibitive  and  negative  nodes  for  a  long  time  without  change.  Under  the  first  condition  iron  would 
appear  to  have  the  advantage,  but  under  the  second  much  would  depend  upon  the  care  exercised 
in  manufacture,  whatever  process  was  used." 

From  the  preceding  dit^russion  it  would  appear  that  neither  "  ingot  iron  *'  nor  wrought  iron 
has  any  advantage  in  resisting  corrosion  over  a  well  made  structural  steel. 

PAINT.* — The  paints  in  use  for  protecting  structural  steel  may  be  <livided  into  oil  paints, 
tar  |Miin1s,  asphalt  paints,  \'arnishrs,  lacquers,  and  enamel  paints.  The  last  two  mentioned  are 
too  expensive  for  use  on  a  large  scale  and  will  not  be  considered. 

OIL  PAINTS. — An  oil  paint  consists  of  a  drying  oil  or  varnish  and  a  pigment,  thoroughly 
mixed  together  to  form  a  workable  mixture.  "  A  grKxl  paint  is  one  that  is  readily  applied,  has 
good  covering  powers,  adheres  well  to  the  metal,  and  is  durable,"  The  pigment  should  l>e  inert 
to  the  mclal  to  which  it  is  applied  and  also  to  the  oil  with  which  it  is  mixea.  Linseeil  oil  is  com- 
monly used  as  the  varnish  nr  vehicle  in  oil  jiaints,  and  is  unsitrfiaswrd  in  durability  by  any  other 
drying  oil.  Pure  linseed  oil  will,  when  applied  to  a  metal  surface,  form  a  transparent  coating  that 
offers  ronniderable  protection  for  a  time,  out  is  s«H»n  i.k'stn»yed  by  abrasinn  and  the  aetiitn  of  the 
elements.  To  make  the  cr^iting  thicker,  harflrr  and  more  denst*.  a  pigment  is  afldod  in  the  oil. 
An  oil  paint  is  analogous  to  concrete,  the  liuseetl  oil  and  pigment  in  the  i>aint  corresponding  to  the 

*  This  discussion  on  paints  ts  taken  from  the  author's  "  The  Design  of  Steel  Mill  Buildings." 
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cement  and  the  aggregate  in  the  concrete.     The  pigments  used  in  making  oil  paints  for  protecting 
metal  may  be  divided  into  four  groups  as  follows;  (i)  lead;  (2)  zinc;  (3)  iron:  (4)  carl»n. 

Linseed  Oil. — Linseed  oil  is  made  by  crushing  and  pressing  flaxseed.  The  oil  contains  some 
vegetable  impurities  when  made,  and  should  he  allowed  to  stand  for  two  or  three  months  to  purify 
and  settle  before  being  used.  In  this  form  the  oil  is  known  as  raw  linseed  oil,  and  is  ready  for  use. 
Raw  linseed  oil  dries  (oxidizes)  very  slowly  and  for  that  reiis«>n  is  nut  often  used  in  a  pure  state  for 
structural  iron  paint.  The  rale  of  drj-ing  of  raw  linseed  oil  increases  with  age;  an  old  oil  being 
very  much  bettor  for  paint  than  that  which  has  been  but  recently  extracted.  Raw  linseed  oil 
can  be  made  l!>  dry  mure  rapidly  by  the  additiun  of  a  drier  or  by  boiling.  Linseed  oil  dries  by 
oxidatipn  and  not  by  i-vaporation,  and  therefore  any  material  that  will  make  it  lake  up  oxygen 
more  rapidly  is  a  drier.  A  common  method  of  making  a  drier  for  linseed  oil  is  to  pm  the  Unseed 
oil  in  a  kettle,  heat  it  to  a  temperature  of  400  to  500  degrees  F.,  and  stir  in  about  four  pounds  of 
red  lead  or  litharge,  or  a  mixture  of  the  two,  to  each  gallon  of  oil.  This  mixture  is  then  thinned 
down  by  adding  enough  linseed  oil  to  make  four  gallons  for  each  gallon  of  raw  oil  6rst  put  in  the 
kettle.  The  addition  of  four  gallons  of  this  drier  to  forty  gallons  of  raw  oil  will  reduce  the  time  of 
drying  from  about  five  days  to  twenty-four  hours.  A  drier  made  in  this  way  costs  more  than  the 
pure  linseed  oil.  so  that  driers  are  very  often  made  by  mixing  lead  or  manganese  oxide  with  rosin 
and  turpentine,  benzine,  or  rosin  oil.  These  driers  can  be  made  for  very  much  less  than  the  price 
of  good  linseed  oil,  and  are  used  as  adulterants;  the  more  of  the  drier  that  is  put  into  the  paint,  the 
gtiicker  it  'j.'iU  dry  and  the  poorer  it  becomes.  Japan  drier  is  often  used  with  raw  oil,  and  when  this 
or  any  other  drier  is  added  to  raw  oil  in  barrels,  the  oil  is  said  to  be  "  boiled  through  the  bung  hole." 

Boiled  linseed  oil  is  made  by  heating  raw  oil,  to  which  a  quantity  of  red  lead,  litharge,  sugar  of 
lead,  etc.,  has  been  added,  to  a  temperature  of  400  to  500  degrees  V.,  or  by  passing  a  current  of 
heated  air  through  the  oil.  Heating  linseed  oil  to  a  teniixrrature  at  which  merely  a  few  bubbles 
rise  to  the  surface  makes  it  dry  more  rapidly  !han  the  unheated  oil;  however,  if  the  boiling  is  con- 
tinued for  more  than  a  few  hours  the  rate  of  drying  is  decreased  by  the  boiling.  Boiled  linseed 
oil  is  darker  in  color  than  raw  oil.  and  is  much  used  for  outside  paints.  It  sliould  dr>'  in  from  13  to 
24  hours  when  spread  out  in  a  thin  film  on  glass.  Raw  oil  makes  a  stronger  and  bcttir  film  than 
boiled  oil,  but  it  dries  so  slowly  that  it  is  seldom  used  for  outside  work  v/ithout  the  addition  of  a 
drier. 

Lead. — White  Lead  (hydratcd  carbonate  of  lead — specific  gravity  6.4)  is  used  for  interior  and 
exterior  wood  work.  White  lead  forms  an  excellent  pigment  on  account  of  its  high  adhesion  and 
covering  jwwer,  but  it  is  easily  darkened  by  exposure  to  corro.sive  gases  and  rapidly  disintegrates 
under  tnese  conditions,  requiring  frvquent  renewal.  Il  does  not  make  a  good  bottom  coat  lor 
other  paints,  and  if  it  ia  to  be  used  at  all  for  metal  work  it  should  be  used  over  another  paint. 

Red  Lead  (minium;  lead  tetroxide — sjK'cific  gravity  8.3)  is  a  heavy,  red  powder  approxi< 
mating  in  shade  to  orahKc:  is  affected  by  acids,  but  when  used  as  a  paint  is  \-ery  stable  in  light  and 
underexposure  to  the  weather.  Red  lead  is  seldom  adulterated,  about  the  only  substance  used 
for  the  purpose  being  red  oxide.  Red  lead  ia  prepared  by  changing  metallic  lead  into  monoxide 
litharge,  and  converting  this  product  into  minium  in  calcining  ovens.  Red  lead  intended  for 
paints  must  be  free  from  metallic  leatl.  One  ounce  of  lampblack  added  to  one  pound  of  red  lead 
changes  the  color  to  a  deep  chocolate  and  increases  the  time  of  drying.  This  compound  when 
mixed  in  a  thick  paste  will  keep  30  days  without  hardening. 

Zinc— Zinc  white  (zinc  oxide^pecific  gravity  5.3)  is  a  white  loose  powder,  devoid  of  smell 
or  ta.ste  and  has  a  gtK>d  covering  power.  Zinc  paint  has  a  tendency  to  peel,  and  when  exposed 
there  is  a  tendency  to  form  a  zinc  soap  with  the  oil  which  is  easily  washed  off,  and  it  thcrt^fore  doc« 
not  make  a  good  paint.  However,  when  mixcti  with  red  oxide  of  lead  in  the  proportions  of  I  lead 
to  3  zinc,  or  2  lead  to  i  zinc,  and  ground  with  linsewl  oil,  it  makes  a  very  durable  paint  for  metal 
surfaces.  This  paint  dries  very  slowly,  the  zinc  acting  to  delay  hardening  about  the  same  as 
lampblack. 

Iron  Oxide.— Iron  osdde  (specific  gravity  5)  iscompoaed  of  anhydrous  sesquioxide  (hematite) 
and  hydrated  sescjuioxide  of  iron  (iron  rust).  The  anhydrous  oxide  is  the  characteristic 
ingredient  of  this  pigment  and  very  little  of  the  hydrated  oxide  should  be  present.  Hydratcd 
sesquioxidc  of  iron  is  simply  iron  rust,  and  it  protkibly  acts  as  a  carrier  of  oxygen  and  accele- 
rates corrosion  when  it  is  present  in  considerable  quantities.^  Mixed  with  the  iron  ore  are 
various  other  ingredients,  such  as  clay,  ocher  and  earthy  materials,  which  often  form  50  to  75 
percent  of  the  mass.  Bmwn  and  dark  red  colors  indicate  the  anhydrous  oxide  and  are  considered 
the  best.  BrisM  red,  bright  purple  and  manwn  tints  are  characteristic  of  hydrated  oxide  and 
make  less  dumhle  paints  than  the  darker  tints.  Care  should  be  used  in  buying  iron  oxide  to 
sec  that  it  is  finely  ground  and  is  free  from  clay  and  ocher. 

Carbon. — The  most  common  forms  of  carbon  in  use  for  paints  are  lampblack  and  graphite. 
Lampblack  (specific  gravity  2.6)  is  a  great  absorbent  of  linseed  oil  and  makes  an  excellent  pismrnt. 
Graphite  (black  lead  or  plumbago — specific  gravity  2.4)  is  a  more  or  less  impure  form  of  carlwn. 
and  when  pure  is  not  aflTccted  by  acids.     Graphite  docs  not  absorb  nor  act  chemically  on  linftcc^i 


oil,  so  that  the  varnish  simpiy  holds  the  particles  of  pigment  together  in  the  same  manner  as  the 
cemvnt  in  a  concrete.  There  are  two  kinds  of  graphite  in  common  use  for  paints — the  granular 
and  the  flake  graphite.  The  Dixon  Graphite  Co.,  of  Jersey  City,  uses  a  flake  graphite  combined 
with  silica,  while  the  Detroit  Graphite  Manufacturing  Co.  uses  a  mineral  ore  with  a  large  per- 
centage of  graphitic  carbon  in  granulated  form.  On  account  of  the  small  specific  gravity  of  the 
pigment,  carbon  and  graphite  paints  have  a  very  large  covering  cafiacity.  The  thickness  of  the 
c<->at  is,  however,  correspondingly  reduced.  Boiled  linseed  oil  should  always  be  used  with  carbon 
pigments. 

Mixine  the  Paint. — The  pigment  should  be  finely  ground  and  should  preferably  !>e  ground  with 
the  oil.  Tnc  materials  should  be  bought  from  reliable  doalcrs^  and  should  be  mixed  as  wanted. 
If  it  is  not  possible  to  grind  tlic  (uint,  better  results  will  usually  be  obtained  from  hand  mixed 
paints  made  of  6rHt  class  materials  than  from  the  ordinary  run  of  prepared  paints  that  are  supposed 
to  have  been  ground.  Many  ready  mixed  paints  arc  sold  for  less  than  the  price  of  Unseed  oil, 
which  makes  it  evident  that  little  if  any  oil  has  been  used  in  the  paint.  The  paint  shuutd  be 
thinned  with  oil,  or  if  necessary  a  small  amount  of  turpentine  may  he  added;  htncetvr  turpentine 
is  an  adulterant  and  sliouid  be  used  sparingly.  Benzine,  gasoline,  etc,,  should  n^vtr  be  used  in  paints^ 
as  the  paint  dries  without  oxidizing  and  then  rubs  off  like  chalk. 

Proportioas. — The  proper  prop<jrtions  of  pigment  and  oil  required  to  make  a  good  paint 
var>'  with  the  different  pigments,  and  the  mctnods  of  preparing  the  jiaint;  the  heavier  and  the 
more  finely  ground  pigments  require  less  oil  than  the  lighter  or  coarsely  ground  while  ground 
paints  require  le^ui  oil  than  ordinary  mixed  paints.  A  common  rule  for  mixing  paints  ground  in 
oil  is  to  mix  with  each  gallon  of  linseed  oil.  dry  pigment  equal  to  three  to  four  times  the  specific 
gravity  of  the  pigment,  the  weight  of  the  pigment  txring  given  in  pounds.  This  rule  gives  the 
followmg  weights  of  pigment  per  gallon  of  linseed  oil:  white  lead,  19  to  26  lb.;  red  load,  25  to  33  lb.; 
zinc,  15  to  21  lb.;  iron  oxide,  15  to  20  lb.;  lampblack.  8  to  10  lb,;  graphite,  8  to  10  lb.  The  weights 
of  pigment  used  per  gallon  of  oil  varies  about  as  follows:  red  lead,  20  to  33  lb.;  iron  oxide,  8  to 
25  lb.;  gnphitc,  3  to  13  lb. 

Covenug'  Capacity. — The  covering  capacity  of  a  paint* depends  upon  the  uniformity  and 
thickness  of  the  coating;  the  thinner  the  coating  the  larger  the  surface  covered  per  unit  of  painL 
To  obtain  any  given  thickness  of  p>aint  therefore  requires  practically  the  same  amount  of  paint 
whatever  its  pigment  may  be.  The  claims  often  urged  in  favor  of  a  particular  paint  that  it  nas  a 
large  covering  capacity  may  mean  nothing  but  that  an  excess  of  oil  has  been  usee!  in  its  fabrication. 
An  idea  of  the  relative  amounts  of  oil  and  pigment  refjuired,  and  the  covering  capacity  of  different 
paints  may  be  obtained  from  Tabic  VIM,  Chapter  XIII. 

Light  structuml  work  will  average  about  250  square  feet,  and  heavy  structural  work  about 
150  square  feel  of  surface  per  net  ton  of  metal. 

It  is  the  common  practice  to  estimate  \  gallon  of  paint  for  the  first  coat  and  \  gallon  for  the 
second  coat  (ler  ton  of  structural  steel,  for  average  conditions. 

Applying  the  Paint. — The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to 
remove  all  the  air.  The  paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred. 
When  it  is  necessary  to  apply  paint  in  cold  weather,  it  should  Iw  heated  to  a  temperature  of  130 
to  150  degrees  F.;  paint  should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied 
when  the  surface  is  damp,  or  during  fogg>'  weather.  The  first  coat  should  be  allowed  to  stand  for 
thrtre  or  four  days,  or  until  thoroughly  dry,  before  applying  the  second  coat.  If  the  second  coat 
is  applied  Ix-fore  the  first  coat  has  drie*l,  the  dr>  ing  of  the  first  coat  will  be  very  much  retarded. 

Cleaning  the  Surface. — ^Before  applying  the  paint  all  scale,  rust,  dirt,  grease  and  dead  paint 
should  lie  removed.  The  metal  maybecleaneil  by  pickling  in  an  add  bath,  by  scraping  and  brushing 
with  wire  brushes,  or  by  mt^ns  of  the  sand  blast.  In  the  process  of  pickling  the  metal  is  dipped 
in  an  acid  bath,  which  is  followed  by  a  bath  of  milk  of  lime,  and  afterwards  the  metal  is  washed 
clean  in  hot  water.  The  method  is  exptmsive  and  not  satisfactory  unless  extreme  care  is  used  in 
removing  all  traces  of  the  acid.  Another  objection  to  the  process  is  that  it  leaves  the  metal  wet  and 
allows  rusting  to  l?egin  before  the  paint  can  be  applied.  The  most  common  method  of  cleaning 
is  by  scraping  with  wire  brushes  and  chisels.  This  method  is  slow  and  laborious.  The  method  of 
clraning  by  means  of  a  sand  blast  ha<i  been  used  to  a  limited  extent  and  promises  much  for  the 
future.  The  average  cost  of  cleaning  five  bridges  in  Columbus,  Ohio,  in  1902,  was  3  cts.  per  sq. 
ft.  of  surface  cleaned.*  The  bridges  were  old  and  some  were  badly  rusted.  The  painters  followed 
the  sand  blast  and  covered  the  newly  cleaned  surface  with  paint  before  the  nist  had  time  to  form. 

Mr.  Lilly  estimates  the  cost  of  cleaning  light  bridge  work  at  the  shop  with  the  sand  blast  at 
$1.75  t»er  ton.  and  the  cost  of  heavy  bridge  work  at  $1.00  p<'r  ton.  In  order  to  rcmo\'c  the  mill 
scale  it  has  In-en  re«:ommended  that  rusting  be  allowed  to  start  Iwforc  the  sand  blast  is  used.  One 
of  the  advantages  of  the  sand  blast  Is  that  it  leaves  the  surface  perfectly  dry,  so  that  the  paint  can 
be  applied  iK-fore  any  rust  has  formed. 

•  Sand  Blast  Cleaning  of  Structural  Steel,  by  G,  W.  Lilly,  Trans.  Am.  Soc.  C  E.,  Feb.,  1903. 
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Priming  or  Shop  Coat — Enginpers  are  vcr>'  much  Hividcd  as  to  what  malccs  tho  Ix-at  priming 
coat;  Home  spt-cify  a  first  coat  of  pure  Unseed  oil  and  others  a  priming  ccxit  of  paint.  Linseed  i»U 
makes  a  transparent  coiUing  OiuL  allows  imperfections  in  the  workmanship  and  rusted  s|MJts 
to  Ijc  i-asily  seen;  it  is  not  permanent  however,  and  if  the  metal  is  cxfioscd  for  a  lone  time  the  oil 
will  often  i>e  entirely  removed  liefore  the  second  coat  is  ap)plied.  It  is  also  claimed  that  the  paint 
will  not  adhere  as  well  to  linseed  oil  that  has  weathered  as  to  a  ^ood  paint.  Linseed  oil  gives  better 
results  if  applied  hot  to  the  metal.  Another  advantage  of  usmg  od  as  a  priming  coat  is  that  the 
cnftion  marks  ran  l>c  jointed  over  with  the  oil  without  fear  of  covering  them  up.  Red  lead  paint 
toned  down  with  lampblack  is  probably  used  more  for  a  priming  coat  than  any  other  paint;  the 
B.  &  U.  R.  R.  uses  lo  oz.  of  lampblack  to  every  12  Ih.  of  red  lead.  Linseed  oil  mixed  with  a  small 
amoimt  of  lampblack  makes  a  very  satisfactory  priming  or  shop  coat. 

Without  going  further  into  the  controversy  it  would  seem  that  there  is  very  Uttlechoice  hot  ween 
linseed  oil  and  a  good  rerl  lead  paint  for  a  priming  coat.  For  data  on  the  Mandard  shop  paints 
spocifietl  by  different  railroads,  see  digest  of  specifications  in  Chapter  IV. 

Finiatung  Coat. — Knnn  a  careful  study  of  the  question  of  paint*-,  it  would  seem  that  for  ordi- 
nary conditions,  the  quality  of  the  materials  and  workmanship  is  of  more  impxirlance  in  painting 
metal  sfrurlures  than  the  particular  pigment  used.  If  the  priming  coat  has  been  properly 
applied  there  is  no  reason  why  any  g^K>d  grade  of  paint  comjMjMjd  of  [jure  linseed  oil  and  a  very 
finely  ground,  stable  and  chemically  non-injurious  pigment  will  not  make  a  very  satisfactory  finish- 
ing  coat.  VVhorc  the  paint  is  to  be  subjected  to  the  action  of  corrosive  gases  or  blasts,  howe^-er, 
there  is  certainly  quite  a  dilTerence  in  the  results  obtained  with  the  different  pigments.  The 
graphite  and  asphalt  paints  appear  to  withstand  the  corr<iding  action  nf  smelter  and  engine  gases 
bettor  than  rofl  lead  or  iron  oxide  paints;  while  red  lead  is  prolKibly  letter  under  these  condiiitms 
than  iron  oxide.  Portland  cement  paint  or  coal  tar  paint  are  the  only  fiaints  that  will  withstand 
the  action  of  engine  blasts. 

To  obtain  the  best  results  in  painting  metal  structures  thcreforr,  proceed  as  follows:  (i)  pre- 
pare the  surface  of  the  metal  by  carefully  removing  all  dirt,  grea.sc,  mill  stale,  rust,  etc.,  and  give 
It  a  priming  ccxit  of  pure  linwed  oifor  a  go*xl  paint — red  lead  seems  to  he  the  most  used  for  this 
purpose;  (2)  after  the  metal  is  in  place  carefully  remove  all  dirt,  grease,  etc.,  and  ap|>ly  the  finishing 
coats — preferably  not  less  than  two  C(jats — giving  ample  time  for  each  coat  to  dry  l>efon;  applying 
the  next.  The  separate  ct^its  of  |«»int  should  I>e  of  difFerenl  colors.  Painting  should  not  be  done 
in  rainy  weather,  or  when  the  metal  is  damp,  nor  in  cold  weather  unless  special  precautions  arc 
taken  to  warm  the  paint.  The  best  results  will  usually  be  obtained  if  the  material  are  purchase<I 
in  hulk  from  a  responsible  dealer  and  the  piiint  ground  as  wanted.  C'mxxI  results  are  obtained  with 
many  of  the  patent  or  reiidy  mixed  paints,  but  it  is  not  possible  in  this  place  to  go  into  a  discussion 
of  their  n'S[Hxtive  merits. 

ASPHALT  PAINT. — Many  prepaaxl  paints  are  sold  under  the  name  of  asphalt  that  are  mix- 
tures of  coal  tar.  or  mineral  asphalt  alone,  or  combined  with  a  metallic  base,  or  oils.  The  exact 
compositions  of  the  patent  asphalt  paints  are  hard  to  fletermine.  Itlack  liritlge  paint  made  by 
Edward  Smith  &  Co.,  New  York  City,  contains  asphaltum,  linseed  oil,  turpentine  and  Kauri  gura. 
The  paint  has  a  varnish-like  finish  and  makes  a  very  satisfactory  |)aint.  The  black  shades  of 
asphalt  paint  are  ihe  only  ones  that  should  be  used. 

COAL  TAR  PAINT. — Coal  tar  paint  is  occasionally  used  for  painting  gas  tanks,  smelters,  and 
similar  structures  that  receive  rough  usage.  Ciul  tar  fuint  mixi*d  as  described  l)clow  has  Itccn 
used  by  the  U.  S.  Nnvj'  Department  for  painting  the  hulls  of  ships.  It  should  give  saiisfatltny 
service  where  the  metal  is  subject  to  corrosion.  The  coal  tar  paint  is  mixed  as  follows:  The  pro- 
portions of  the  mixture  are  slightly  variable  according  to  the  original  consistency  of  the  tar,  the 
use  lor  which  it  is  intended  and  the  climate  in  which  it  is  used.  The  prufjurtiuiis  will  vary 
between  the  following  proportions  in  volume. 

Coal  Tar.     Portland  Cement.     Kerosene  Oil. 

New  Orleans  Mixture 8  I  x 

Annapolis  Mixture 16  4  3 

The  Portland  cement  should  first  be  stirred  into  the  kerosene,  forming  a  creamy  mixture, 
the  mixture  is  then  stirred  into  the  coal  tar.  The  paint  should  be  freshly  mixed  and  kept  well 
stirrwL  This  paint  sticks  well,  docs  not  run  when  exposed  to  the  sun's  rays  and  is  a  very  satis- 
factory paint  for  rough  work.  The  cost  of  the  paint  will  var>'  from  lo  to  ao  cts.  per  gallon.  The 
kerosene  oil  acts  as  a  drier,  while  the  Portland  cement  neutralizes  the  coal  tar. 

if  it  is  desired  to  paint  with  oil  paint  a  structure  which  has  been  painted  with  cnal  tar  paint, 
the  surface  must  Ik.*  scrapecj  and  all  the  ccwl  tar  rrmoverl. 

CEMENT  AND  CEMENT  PAINT.— n:xpcrimentshave  shown  that  a  thin  coating  of  Portland 

cement  is  effective  in  preventing  rust;  that  a  concrete  to  be  efleclive  in  preventing  rust  must  be 

dense  and  ma  le  very  wet.     The  sii-el  must  be  clean  when  imtietlded  in  the  concrete.     There  is 

.quite  a  difference  of  opinion  as  to  whether  the  metal  should  be  paintcnl  before  being  imbeddetl  or 
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not.  It  is  probably  best  to  paint  the  mvtal  if  it  U  not  to  hv  iiiibtnltktl  at  unce.  or  is  not  to  be  used 
in  concrete- St ei*I  lunstrurtion  whore  the  ailhesion  of  the  cement  to  the  metal  is  an  essential  ejemcnt. 
When  the  metal  is  to  Ik*  imbc<ide<l  immediately  it  is  better  not  to  paint  it, 

Portland  Cement  Paint. — A  Portland  cement  paint  has  been  uwd  on  the  Hi^h  St.  viaduct  in 
Columbus,  Ohio,  with  good  results.  The  viaduct  was  exposed  to  the  fumes  and  blasts  from 
ItKomotivM,  scj  that  an  ordinary  paint  did  not  last  more  than  six  months  even  on  the  least  exixtsed 
portions.  The  method  of  mwing  and  applying  the  iwint  is  descriljvd  in  Kngineering  News, 
April  24th  and  June  5th,  1902,  as  follows:  "  The  surface  of  the  metal  was  ihorouKhly  cleaned  with 
wire  brushes  ami  tiles — ^the  bridge  had  been  cleaned  with  a  sand  blast  the  previous  year.  A  thick 
coat  of  Japan  drier  was  then  applied  and  Ijefure  it  had  time  to  dry  a  coating  was  applied  as  fol- 
lows: Apply  with  a  trowel  to  the  minimum  thickness  of  /«  in.  and  a  maximum  thickness  of 
J  in.  (in  extreme  cases  \  in.)  a  mixture  of  32  lb.  Portland  cement.  12  lb.  dry  finely  ground  lead,  4 
to  6  lb-  boiled  linseetl  oil.  2  to  3  lb.  Jav>an  drier."  After  a  period  of  about  two  years  the  coating 
was  in  almost  perfect  condition  and  the  metal  under  the  c<^>ating  was  as  clean  as  when  painted. 
The  cost  of  the  coating  including  the  hand  cleaning,  materials  and  labor  was  8  cts.  per  sq.  ft. 
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INSTRUCTIONS  FOR  THE  MILL  INSPECTION  OF  STRUCTURAL  STEEL.* 

(0  Study  the  contract  and  specification*!  and  secure  such  information  concerning  the  pro- 
posed structure  as  will  permit  a  full  understanding  of  the  use  to  be  made  of  the  various  items  of  the 
order. 

(2)  Secure  copies  of  the  mill  orders,  shipping  directions  and  other  information  concerning  the 
material  to  \yo  insjH-iied. 

(3)  Attend  promptly  when  notified  of  the  rolling  of  material  and  so  conduct  the  inspection 
and  teats  as  not  to  interfere  unne<;essarily  with  the  o|x-nitions  of  the  mill. 

(4)  Mave  the  test  specimens  pre|)arcHl  ami  profK-rly  stamped  with  the  melt  numbers  by  the 
manufacturer.  Observe  the  selection  and  stamping  of  specimens  and  verify  the  melt  numbers 
when  practicable. 

(5}  Attend  an<l  supervise  the  making  of  tensile,  lx>ndin)^  and  drifting  te.^ls.  Nfakc  sure  that 
the  testing  iiurhijies  are  pro|KT!y  hainlleil  ami  that  the  six-cified  siHfd  of  pulling  is  not  exceeded. 
Note  the  Ijrhavior  of  the  metal  and  check  and  record  the  results  of  the  ti-»*ts. 

(6)  Select  the  l)ars  or  other  members  for  full-size  tests  as  specified.  Supervise  such  tests 
and  check  and  record  their  re^iuUs. 

(7)  Secure  from  the  manufacturer  records  of  the  chemical  analyses  of  the  melts  and  accept 
fmly  thos<*  in  which  the  specified  contents  c»f  impurities  ar^  not  excelled. 

(8)  Secure  pieces  of  the  test  ingots  and  test  specimens  and  have  check  analyses  made  outside 
of  the  manufacturers'  laboratory  when  the  analyses  furnished  by  the  manufacturer  are  erratic  or 
for  any  other  rcas«jn  apiN>ar  to  b>e  incorrect. 

(9)  Examine  each  piece  uf  finishc<I  material  for  surface  defects  before  shipment,  requiring 
the  materia!  to  be  handlc*d  in  a  manner  that  will  permit  the  examination  to  be  thorough  and 
complete.  This  inspection  should  detect  evidence  of  excessive  gagging  or  other  injur>'  due  to 
cold  straightening, 

(10)  Keptjrt  promptly  the  shipment  of  any  material  from  the  mill,  whose  surface  inspection 
has  been  waived.     Such  material  should  be  examincnl  by  the  shop  inspc*ctor. 

fn)  Verify  the  section  of  all  material  by  measurement  and  by  weight. 

(12)  Study  the  opi'rati(ms  of  the  plant  and  become  familiar  with  the  various  processes  ol 
manufacture. 

Cultivate  the  acquaintance  of  the  mill  employees  and  become  familiar  with  their  work  so  as 
to  have  direct  knowledge  of  the  mill  practice  and  determine  as  well  a»  the  circumstances  permit 
the  correctness  of  the  mill  practice  in  so  far  as  it  is  covertnl  by  the  spc^cifications. 

(13)  Record  all  tests  and  analyses  on  the  forms  provided. 

(14)  Keep  informed  as  to  the  progress  of  the  work  in  the  shop  and  endeavor  to  secure  the 
shipment  of  material  at  such  times  anif  in  such  orfler  as  to  avoid  delay  in  the  fabrication. 

(15)  Secure  copies  of  the  shipping  lists  and  compare  them  with  the  orders  and  make  rvgutar 
statements  of  the  material  that  has  Iteen  rolltHl  and  shipix*d. 

(16)  Make  re|M»rts  weekly  or  as  may  Ik*  din^cted.  submitting  complete  records  of  tests, 
analyses  aii<l  shipinentH  and  such  other  information  as  may  l>e  re<iuired. 

'American  Railway  Engineering  Association,  Adopted,  Vol.  14,  1913. 
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INSTRUCTIONS   FOR  THE  INSPECTION  OP  THE  FABRICATION  OF 

STEEL  BRIDGES* 

(1)  Acquire  a  full  knowledge  of  the  conditions  of  the  contract,  such  as  the  time  of  delivery, 
the  railway  company's  actual  nc-ed  of  the  work,  the  desired  order  uf  shipment,  anil  any  spcKrial 
features  in  connection  with  delivery  such  as  the  position  of  the  girders  or  truss  members  on  car» 
at  the  bridge  site. 

(2)  Study  in  advance  the  plans  and  specifications  and  see  that  all  provisions  thereof  are 
complied  with.     Thew  instructions  arc  not  be  construed  as  altering  the  sixcifications  in  any  way. 

Check  every  finished  member  against  the  drawings  for  its  general  dimensions  and  for  the 
section  of  each  piece  of  material  forming  a  component  part  of  the  member. 

(3)  Endeavor  to  maintain  pleasant  relations  with  foremen  and  the  workmen  and  by  fairness, 
decisiveness  and  good  sense  interest  them  in  the  successful  completion  of  the  work. 

(4)  Attend  constantly  to  the  work,  making  inspection  during  the  progress  of  the  work  in  the 
shop,  striving  to  keep  up  with  the  output  in  order  that  errors  may  be  corrected  before  the  work 
leaves  the  shop. 

Attend  the  weighing  of  material  whenever  practicable,  especially  that  purchased  on  weight 
basis.     Check  the  accuracy  of  the  scales  with  test  weights  or  by  other  sufficient  means. 

Conduct  the  inspection  so  as  not  to  interfere  unnecessarily  with  the  routine  operations  of  the 
shop. 

(5)  When  unusual  circumstances  rrquirc  an  explanation  of  the  plans  or  some  variation  from 
the  specified  procedure,  take  the  necessary  action  promptly. 

(6}  Study  the  field  connections,  paying  particular  attention  to  clearances  and  making  nota- 
tions on  the  drawings  so  that  they  may  be  checked  rapidly. 

(7)  Check  all  bevels  and  field  rivet  holes. 

(8)  Give  careful  attention  to  the  quality  of  the  workmanship,  the  condition  of  the  plain 
material,  accuracy  of  punching,  care  in  assembling,  alignment  of  rivets,  tightness  of  rivcta,  ac- 
curacy of  finishing  uf  machined  joints,  painting  and  general  finish. 

(9)  Make  sure  that  reamed  holes  are  truly  cylindrical  and  that  drillings  are  not  allowed  to 
remain  between  assembled  parts. 

(10)  Watch  for  bends,  kinks,  and  twists  in  the  finished  members  and  make  certain  that  when 
leaving  the  shop  they  an;  in  prujH.T  condition  fur  erection. 

(11)  Make  sure  that  the  webs  of  girders  do  not  projtrt  l)cyond  the  flange  angles  and  that  the 
depth  of  web  below  the  flange  angles  complies  with  the  specification. 

(12)  Allow  only  the  material  rolled  and  accepted  for  the  work  to  be  used  therein. 

(13)  Have  the  fabricated  material  shipped  in  the  correct  order  for  erection  and  in  accordance 
with  instructions,  as  far  as  practicable. 

(14)  Measure  the  width  of  each  column  and  the  lengths  of  all  girders  between  columns  when 
they  are  to  be  placed  consecutively  in  a  long  row  so  as  to  insure  that  the  columns  and  girders  will 
not  "  build  out  "  in  erection,  so  as  to  exceed  the  calculated  length. 

(15)  Check  **  rights  "  and  "  lefts  "  and  make  sure  that  the  proper  number  of  each  is  shipped. 

(16)  Check  base  plates  of  girders  before  riveting  and  make  sure  that  the  camber  is  not 
reversed. 

(17)  Check  the  space  provided  for  driving  field  rivets,  allowing  sufficient  space  for  the 
pcnumatic  riveter. 

(18)  Examine  field  connections  after  riveting  to  insure  proper  fitting  and  case  of  erection. 

(19)  Make  sure  that  shop  splices  are  properly  fitted  and  that  matched  and  rallied  surfaces 
to  transmit  bearing  arc  In  close  contact  during  riveting  as  specifietl. 

(iu)  Examine  and  measure  bored  pinholes  carefully  to  insure  proper  dimensions  and  spacii^^H 
and  smoothness  of  finish.  ^^^| 

{21)   Measure  the  spacing  center  to  center  of   the  end   connections  for  sections  of  l-beai^^ 
floors  or  any  similar  construction  in  which  the  calculated  sjucing  is  liable  to  be  exceeded  because 
of  the  tendency  of  such  work  to  **  grow  "  as  it  is  assembled. 

(32)  Make  sure  that  stringers  connecting  to  Hoorbeama  beneath  the  flange  have  sufficient 
clearance  to  care  for  their  possible  over-run  in  depth. 

(23)  Have  the  assembling  of  trusses  and  girder  spans  require*!  by  the  specifications  carefully 
done  and  in  any  case  insure  the  accuracy  of  field  connections.  If  a  large  numlicr  of  duplicate 
parts  arc  to  be  made,  the  numlx*r  of  parts  to  be  assembled  should  be  governed  by  the  workmanship. 
If  eiTors  are  found,  a  suiTicicnt  number  of  parts  should  be  assembled  to  make  it  reasonalily  certain 
that  such  errors  have  been  eliminated. 

Have  through  girder  spans  with  I-beam  floors  partially  assembled  and  at  least  one  bracket 
bolted  in  its  final  position. 
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Have  at  least  one  upper  and  !owcr  shoe  of  each  kind  assembled  and  make  sure  that  there  is 
no  interference. 

(24)  Make  sure  that  iron  templets  used  for  reaming  arc  properly  set  and  held  to  line. 

(25)  Secure  match-marking  duigrams  for  work  which  has  been  assembled  and  reamed  and 
make  sure  that  the  match  marks  are  plainly  visible. 

(26)  Have  proper  camber  blocking  used  in  assembling  trusses  and  secure  the  desired  camber 
before  the  reaming  is  done. 

(27)  Require  that  all  treads  and  supports  for  the  drums  of  draw  spans  be  carefully  leveled 
with  an  instrument. 

(28)  Study  carefully  the  machine  details  and  discriminate  between  those  dimensions  which 
must  be  exact  and  those  in  which  slight  variations  are  permisi>iblc. 

Determine  in  advance  the  desired  accunicy  of  drivmg  fits  for  bolts  or  keys  and  similar  parts 
and  make  sure  that  such  accuracy  is  attained. 

(29)  Examine  castings  carefully  for  blowhoU-s  and  other  imperfections  and  discriminate 
between  such  defects  as  are  unimportant  and  those  which  render  the  castings  unfit  for  use. 

(30)  Make  sure  that  bushings,  collars  and  similar  parts  are  held  securely  in  place. 

(31)  Make  sure  that  all  drum  wheels,  expansion  rollers,  turntable  rollers  and  similar  parts 
are  exact  in  size,  so  as  to  carry  eoually  the  loads  which  may  be  placed  upon  them. 

(32)  Ascertain  in  advance  tnat  the  paint  provided  complies  with  specifications.  Watch 
carefully  the  painting  directions  and  make  sure  that  paint  is  properly  applied  and  only  where 
intended. 

(33)  Verify  all  shop  marks  and  make  sure  that  they  are  legible  as  well  as  correct. 

(34)  Have  important  members  so  loaded  as  to  be  headed  in  the  right  direction  upon  arrival 
at  the  site  of  the  work. 

(35)  ^^y  A  few  countersunk  head  bolts  in  the  holes  where  they  arc  to  be  used  to  insure  a 
proper  fit. 

(36)  Make  sure  that  small  pieces  arc  bolted  in  place  for  shipment  as  shown  on  the  plans  and 
thai  other  smalt  parts  arc  projx'rly  Ijoxcd  or  otherwise  securetl  against  loss. 

(37)  Make  sure  that  rivets,  tic  rods,  anchor  bolts  and  miscellaneous  parts  are  shipped  so  as 
to  avoid  delay  m  erection. 

(38)  Examine  the  field  rivets  to  insure  that  they  are  free  from  fins  or  other  defects. 

(39J  Exercise  special  care  in  the  examination  of  all  movable  structures  and  particularly  their 
moving  parts. 

(40)  Make  reports  weekly  or  as  directed,  exhibiting  carefully  and  concisely  the  actual  con- 
ditions. 

(41)  Observe  carefully  and  report  such  unusual  difficulties  as  may  be  encountered  and  the 
means  adopted  in  overcoming  them,  and  endeavor  by  a  study  of  the  details  or  other  means  to 
make  recommendations  which  will  prevent  their  recurrence  in  future  work. 

MISCELLANEOUS  METALS.— The  physical  properties  of  the  following  metals  depend 
upon  whether  they  are  cast,  rolled,  or  drawn,  and  upon  the  details  of  manufacture,  and  the  values 
given  are  thea-fore  approximate. 

Aluminum  has  a  specific  gravity  of  2.58  to  2.7.  The  ultimate  tensile  strength  ivr  sq.  in.  is 
about  15.000  lb.  for  cast,  24,000  lb.  for  sheet,  and  30,000  to  65,000  lb.  for  aluminum  wire.  The 
clastic  limit  is  about  1  the  ultimate  strength.  The  modulus  of  elasticity  is  about  11,000,000  lb. 
per  HI.  in.     Aluminum  is  used  in  engineering  construction  primipally  in  the  form  of  an  alloy. 

Copper  has  a  specific  gravity  of  8.6  to  8.9.  The  ultimate  tensile  strength  varies  from  36,000 
lo  40,000  lb.  ixrr  »q.  in.  for  soft  copper  wire  with  an  elongation  in  10  in.  of  35  to  20  percent;  to 
49.000  to  67,000  lb.  per  aq.  in.  for  hard-drawn  copper  wire  with  an  elongation  varying  from  3.75 
per  cent  In  10  in.,  to  an  elongation  of  0.85  per  cent  In  60  in.  Copper  is  also  ascd  in  an  alloy  with 
other  metals. 

Zinc,  or  spelter,  has  a  specific  gravity  of  about  7.00.  The  ultimate  tensile  strength  per  sq.  in. 
varie*  fmin  3000  to  8000  lb.     It  t»  used  for  galvanizing  and  for  making  alloys. 

Nickel  has  a  specific  gravity  of  about  8.8.     Nickel  is  used  principally  in  alloys. 

Tin  has  a  specific  gravity  of  about  7.35.  Tin  is  used  as  a  covering  for  iron  and  steel  sheets  and 
in  alloya. 

Letid  has  a  specific  gravity  of  alxiut  11.4.     Lead  is  very  plastic  and  flows  easily  under  stress. 

ALLOYS. — An  alloy  is  a  combination  of  two  or  more  metals  made  by  mixing  them  when  in  a 
molten  condition.  .MIoys  are  commonly  mechanical  mixtures;  although  some  have  a  slight  chem- 
ical union.     The  properties  of  alloys  de|K>nd  not  only  upon  the  ingredients,  but  upon  the  method  and 
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details  of  manufacture.  It  is  imfiossibic  to  predict  the  properties  of  an  alloy  from  the  properties 
of  the  nietala  forming  it.  Many  alloys  arc  soUI  under  trade  names  in  which  the  properties  de|M'm| 
both  on  the  proportions  uf  the  ingredients  and  upon  the  details  of  manufacture.  The  mobt  im- 
portant alloys  used  by  the  structural  cntjinecr  arc  as  foil  ws; 

Brass  is  an  alloy  of  copper  and  ;einc  in  which  the  copper  varies  from  60  to  89  per  cent,  and 
the  zinc  from  40  to  1 1  per  cent.  A  small  amtjunt  uf  tin  is  sometimes  addeil  to  make  the  lirass  morv 
easily  worked.  The  tensile  strength  of  brass  is  greatest  (alxnit  50,000  lb.  per  sq.  in.)  when  the 
composition  is  about  62  per  cent  copper  and  3K  per  cent  zinc;  and  the  ductility  and  malleability 
aru  greatest  when  the  composition  is  about  70  per  cent  copper  and  50  per  cent  zinc.  A  widely  uscil 
brass  hab  }  copper  and  I  zinc. 

Delta  metal  is  brass  with  I  to  2  per  cent  iron.  The  tensile  strength  of  delta  metal  is  about 
45,000  ll».  per  s*;.  in. 

Tifbin  bronze  is  brass  with  i  to  2  jkt  cent  iron,  and  small  amounts  of  lead  and  tin. 

Brontts  arc  alloys  of  eopiKT  anrl  tin  or  iif  enp|xT,  zinc  and  tin,  and  usually  have  small  quan- 
tities of  other  metals.  Hn^nzus  havin};  more  than  24  ikt  cent  lin  are  ttw  weak  to  l>e  used.  The 
tensile  strength  is  greatest  (^23,000  lb.  |M:r  sq.  in.)  when  the  composition  isal>out  80  per  cent  copper 
and  20  per  cent  lin. 

Phosphor  bronte  is  an  alloy  of  copper  and  tin  containing  i  to  I  per  cent  phosphorus.  It  makes 
excellent  castings  and  is  very  hard.  The  ultimate  tensile  strength  varies  Irom  50,000  to  100.000 
lb.  per  tut},  in. 

Aluminum  bronze  is  an  alloy  having  5  to  10  per  cent  aluminum  and  95  to  80  |)cr  cent  copper. 
The  tensile  strength  varies  from  75,000  to  100,000  lb.  per  sq.  in. 

Manganese-bronze  as  specified  by  the  American  Society  for  Testing  Materials  contains. 
copper  55  to  65  per  cent,  zinc  39  to  45  per  cent,  iron  not  over  2  per  cent,  tin  not  over  2  per  cent. 
aluminum  not  over  0.5  per  cent,  manRanese  not  over  0.5  per  cent.  The  ultimate  tensile  strength 
of  standard  test  pieces  cut  from  manganes<-hrnnziMngots  shall  not  be  less  than  70,000  lb.  persq.  in., 
with  an  elongation  in  2  in.  of  not  less  than  20  jxr  cent. 

TIBfBER. — For  definitions  of  terms,  standard  def  eta,  apecificntions  and  allowable  stresses 
in  timber,  see  Chapter  VII. 

STONE  MASONRY. — -For  definitiona  of  terms  used  in  masonry  construction  and  for  speci- 
fications for  dilTerent  classes  of  stone  masonry,  see  Chapter  VI. 

For  the  allowable  pressure  on  masonry,  see  Table  IV,  Chapter  V,  and  for  the  weight,  specific 
gravity  and  crushing  strength  of  masonr>',  see  Table  V,  Chapter  V;  also  see  Table  VIII,  Chapter 
II.     For  an  exhaustive  treatise  on  brick  and  stone  mascmry  see  Baker's  "  Masonry  Construction." 

CONCRETE. — The  average  strengths  of  different  mixtures  of  Portland  cement  concrete  as 
given  in  Report  of  the  Committee  on  Reinforced  Concrete  of  the  American  Society  of  Civil 
Fngineersi  1913,  are  given  in  Tabic  II. 


TABLE  II. 

Strength  of  Portlaxd  Cement  Concbhtk. 

Aggregate                                                    1:1:2 

i:ii:3 

1:24 

l:s|:5 

1:3:6 

Granite,  trap  rock                                                 3.^00 

aSoo 

2200 

l8(X) 

1400 

Gravel,  hard  limestone  and  harti  sandstone         3000 

2500 

2000 

1600 

1300 

Soft  limt»tone  and  sandstone                              2200 

i8uo 

1500 

1300 

1000 

Cinders                                                                     800 

700 

600 

500 

400 

specifications  for  concrete  are  given  in  Chapter  V,  and  specifications  for  reinforced  concrete 
arc  given  in  Chapter  VT. 

Working  Stresses.— The  following  working  stresses  have  been  n-commended  by  the  American 
Railway  Engineering  Aswx^iation  for  concrete  that  will  develop  an  awrage  compressive  stivngth 
of  at  least  2000  11).  per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  r6  in.  hmg  and  28  days 
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old,  under  laboratory  conditions  of  manufacture  and*storage,  the  mixture  being  of  the  same  con- 
sistency as  is  UEicd  in  the  field.  , 

Lb.  per 
Kl.  ill. 

Structural  stetl  in  tension 14.000 

High  carbon  stLt*l  in  tunsi^m 17,000 

Steel  in  compression,  15  times  the*  rompressl\'c  stress  in  tho  surniunding  concrete. 

Concrete  in  bearing  where  the  surface  is  at  least  twice  the  loaded  area 700 

Concrete  in  direct  compression,  without  reinforcement  on  lengths  not  exceeding  6  times 

the  least  width 450 

Concrete  indirect  compri'ssion  with  not  less  than  1  percent  nor  over  4  percent  longitudinal 

reinforcement  on  li-ngths  not  excetdinK  i?  times  the  least  width 450 

Concrete  in  ci>niprcssion,  on  extreme  filK-r  in  cross  bending 750 

Concrete  in  i-hear,  uncumbiiied  with  tension  or  compression  in  the  concrete 120 

C*inerete  in  shear,  where  the  shearing  stress  is  used  as  a  measure  ui  the  web  stress 40 

Note. — The  limit  of  shenring  stresses  in  the  concrete,  even  when  thoroughly  reinforced 

for  shear  and  diagonal  tension,  should  not  exceed I30 

Mniul  Uit  ftlain  bars •••.*# 80 

Himd  for  dmwn  wire i 40 

Bond  for  deformed  bars,  depending  on  the  form 100-150 

The  following  workinv?  fttres.ses  have  lieen  recommended  by  the  Committee  on  Concrete  and 

Reinft»rced  Concrete  of  the  American  Society  of  Civil  Engineers,   Proceetlings,  vol,  XXXIX, 

February,  1913. 

Per  crnt  of  com*  Lb.  per 

prcttivc  MfTiifitii  «!.  in. 

Structural  stirl  in  tension l6,ono 

Comn-te  in  mmiiression  where  the  surface  is  at  least  twice  the  loaded  area  32.5 
Concrete  for  lonrcntric  compression  on  a  plain  concrete  column  or  pier,  the 

length  i*f  whith  does  not  exceed  12  diameters 22.5 

Compression  on  columns  with  longitudinal  reinforcement  only,  trj  the 
extent  of  not  less  than  I  [x^r  cent  and  not  more  than  4  per  cent;  the 

length  of  the  rolumn  shall  not  exceed  12  diameters 22.5 

Compression  on  columns  with  reinforcement  of  l>ands,  hcwps  or  spirals 
having  not  less  than  I  [kt  cent  uf  the  volume  of  the  column,  the  clear 
spacing  uf  the  hooping  to  be  not  greater  than  one-sixth  of  the  diameter 
of  the  encased  column  and  preferably  not  greater  than  one-tenth,  and 
in  no  case  more  than  3J  in.,  the  ratio  of  the  unsupported  length  of 

column  10  diameter  of  h<x>pcd  core  to  be  not  more  than  8 27 

CompR-ssion  on  columns  reinforced  with  not  less  than  i  pt'r  cent  and  not 
more  than  4  per  cent  of  longitudinal  bars  and  with  lunds.  hoops  or 
spirals  as  alx»ve  sjiecified,  where  the  ratio  of  unsuppdjrted  length  of 

column  to  dLimeter  of  hoipcd  core  is  not  more  than  8 32.625 

Compression  on  extreme  fiber  of  a  beam,  calculated  for  constant  modulus 
uf  elasticity  (sta^sscs  adjacent  of  the  supports  of  continuous  beams 

may  be  15  per  cent  higher) 32.5 

Shear  in  t)eams  with  horisontal  reinforcement  or  without  reinforcement ...     2 
Shear  in  beams  thoroughly  reinforced  with  web  reinforcement  (the  web 
reinforcement  exclusive  of  bent-up  bars  to  be  designed  to  re«8t  two- 
thirds  the  external  shear) 6 

Shear  in  Ix-ams  reinforced  with  bent-up  bars,  only 3 

Punrhing  shear,  only 6 

Bond  stress  Urtween  concrete  and  plain  reinforcing  bars 4 

Bond  strc-s«  between  concrete  and  drawn  wire 2 

The  moflulus  of  elasticity  to  be  taken  for  the  design  as  follows: 

(tt)  One-fifteenth  that  of  steel  where  the  strength  uf  the  concrete  is  taken  as  2200  lb.  per  sq.  In., 
or  less. 

(b)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  220C1  lb. 

[x*r  sri.  in.  or  less  than  2900  lb.  [>er  sq,  in. 

(c)  Onc'tenin  that  of  »tee!  where  the  strength  of  concrete  is  taken  as  greater  than  2900  lb* 

per  «].  in. 
In  calculating  detU'ction  take  onc*oighth  of  the  modulus  of  elasticity  of  steel. 
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^^  STANDARD  SPECIFICATIONS  FOR  CEMENT  - 

^^^B  OF    THE  J 

^H  AMERICAN  SOCIETY  FOR  TESTING  MATERIALS.  M 

Adopted  August  i6,  1909. 

1.  General  Observations.  These  remarks  have  been  prepared  with  a  view  of  pointing  out 
the  pertinent  features  of  the  various  requirements  and  the  precautions  to  be  observed  in  the  inter- 
pretation of  the  results  of  the  tests. 

2.  The  Committt'e  would  suggest  that  the  acceptance  or  rejection  under  these  spccificationa 
be  based  on  tests  made  by  an  experienced  person  having  the  proper  means  for  making  the  tests. 

3.  Specific  Gravity,  Specific  gravity  is  useful  in  detecting  adulteration.  The  results  of 
teats  of  specific  gravity  are  not  necessarily  conclusive  as  an  indication  of  the  quality  of  a  cement, 
but  when  in  combination  with  the  results  of  other  tests  may  afford  valuable  indications. 

4.  Fineness.     The  sieves  should  be  kept  thoroughly  dry. 

5.  Time  of  Setting.  Great  care  should  l^e  exercised  to  maintain  the  test  pieces  under  aa 
uniform  conditions  as  possible.  A  sudden  change  or  wide  range  of  temperature  in  the  room  in 
which  the  tests  are  made,  a  very  dry  or  humid  atmosphere,  and  other  irregularities  vitally  affect 
the  rate  of  setting. 

6.  Constancy  of  Volume.  The  tests  for  constancy  of  volume  are  divided  into  two  classes, 
the  first  normal,  the  second  accelerated.  The  latter  should  be  regarded  as  a  precautionary'  test 
only,  and  not  infallible.  S»>  many  conditions  enter  into  the  makmg  and  interpreting  of  it  that 
it  should  be  used  with  extreme  care. 

7.  In  making  the  pats  the  greatest  care  should  be  exercised  to  avoid  initial  strains  due  to 
molding  or  to  too  rapid  drying-out  during  the  first  twenty-four  hours.  The  jxits  should  be  pre- 
served under  the  motft  uniform  conditions  possible,  and  rapid  changes  of  temjxTature  should  be 
avoided. 

8.  The  failure  to  meet  the  requirements  of  the  accelerated  tests  need  not  be  sufficient  cause 
for  rejection.  Thecem  nt  may,  howe\x*r,  Ijc  held  for  twenty-eight  days,  and  a  retcst  made  at  the 
end  of  that  period,  using  a  new  sample.  Failure  to  meet  the  requirements  at  this  time  should  be 
considered  sufficient  cause  for  rejection,  although  in  the  present  state  of  our  knowledge  it  cannot 
be  said  that  such  failure  necessarily  indicates  tmsoundne&s,  nor  can  the  cement  be  considered 
entirely  satisfactory  simply  because  it  i>asses  the  tests. 

SPECIFICATIONS. 

1.  General  Conditions.     All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  manufacture  or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  should  be  stored  in  a 
suitable  weather-tight  building  having  the  (Vxir  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  storcd  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection 
and  identification  of  each  shipment. 

5.  Every  facility  shall  be  provided  by  the  Contractor  and  a  period  of  at  least  twelve  daya 
allowed  for  the  ins[)ection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages  with  the  brand  and  name  of  manufacturer 
plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  pounds  of  cement  net.  Each  barrel  of  Portland  cement 
shall  contain  4  bags,  and  each  barrel  of  natural  cement  shall  contain  3  bags  of  the  above  net  weight. 

8.  Cement  failing  to  meet  the  seven-day  requirements  may  be  held  awaiting  the  results  of 
the  twenty-eight -day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  proposed  by  the  Committee  on 
Uniform  Tests  of  Cement  of  the  American  Stxriety  of  Civil  Engineers,  presented  to  the  Socictv 
January  21,  I903,andamendcd  January  20, 1904,  and  January  15, 1908,  with  all  subsequent  amcncf- 
ments  thereto.     (See  addendum  to  these  specifications.) 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following  requirements: 

NATUR.^L  CEMENT. 

11.  Definition.  This  term  shall  be  applied  to  the  finely  pulverized  product  resulting  fnim 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only  sufficient  to  drive  oflf  the  carbonic 
acid  gas. 

12.  Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  10  per  cent  on  the  No.  lOO, 
and  30  per  cent  on  the  No.  200  sieve. 
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13.  Time  of  Setting.  It  sh;UI  nut  develop  initial  set  in  less  than  ten  minutes;  and  shall  not 
develop  hanj  set  in  less  llian  thirty  minutes,  or  in  more  than  three  hours. 

14.  Tensile  Strength.  The  niimmum  nMiuirements  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  section  shall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  spccl&cd; 

Agp.                                                       Ncai  Cemeni,                                                  Strength. 
24  hours  in  moist  air 75  lb- 

7  days  (1  day  in  moist  air,    6  days  in  water) 150  " 

38  days  (1    *'  "       "    27     *'  "     ) 250** 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (i  day  in  moist  air,    6  days  in  water) 50  lb. 

a8days(i     "  "       "    27     '^  "     ) 125" 

15.  Constancy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in  mtnst  air  for  a  period  uf  twenty-four 
hours. 

(a)  A  pat  w  then  kept  in  aJr  at  normal  temperature. 

(b)  Another  is  kept  m  water  maintained  as  near  70°  F.  as  practicable. 

16.  These  pals  are  observed  at  inter\'als  for  at  least  28  days,  and,  to  satisfactorily  pass  the 
tests,  shall  remain  firm  and  hard  and  show  no  signs  of  distortion,  checking,  cracking,  or  disinte- 
grating. 

PORTLAND  CEMENT. 

17.  Definition.  Thb  term  is  applied  to  the  finely  pulverized  product  resulting  from  the 
^Icination  to  incipient  fusion  of  an  intimate  mixture  uf  properly  pra[j<}rt toned  argillaceous  and 
CRtcareous  materials,  and  to  which  no  addition  greater  than  3  per  cent  has  been  made  subsequent 
to  calcination. 

18.  Specific  Gravity.  The  speci5c  gravity  of  cement  shall  not  be  less  than  3.10.  Should  the 
lest  of  cement  as  receiwd  fall  below  this  requirement,  a  second  test  may  be  made  upon  a  sample 
ignited  at  a  low  red  heat.     The  loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent. 

19.  nneness.  It  shall  leave  by  weight  a  residue  ai  not  more  than  8  i)er  cent  on  the  No.  loo, 
and  not  more  than  2^  P^r  cent  on  the  No.  200  sieve. 

30.  Time  of  Setting.  It  shall  nut  develup  initial  set  in  less  than  thjrty  minutes;  and  must 
develop  hard  set  in  nut  less  than  one  hour,  nor  more  than  ten  hours. 

21.  Tensile  Strength.  The  minimum  retiuiremcnts  for  tensile  strength  for  briquettes  one 
square  inch  in  cross  section  s'lall  be  as  follows,  and  the  cement  shall  show  no  retrogression  in 
strength  within  the  periods  specified: 

Age.                                                        Neat  Cement.                                                  Sirmgth. 
34  hotirs  in  mobt  air 175  lb. 

7  days  (l  day  in  moist  air,    6  days  in  water) i  . .  .500  ** 

38  days  0     **  "       "     27     "•  "      ) 600  " 

One  Part  Cement.  Thr'ee  Paris  Standard  Ottawa  Sand. 

7  days  (i  day  in  moist  air,    6  days  in  water) 200  lb. 

28  days  (1 27    '*  **      ) 275" 

22.  Constancy  of  Volume.  Pats  of  neat  cement  about  three  inches  in  diameter,  one-half 
Inch  I  hick  at  the  renter,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period  of  twenty- 
four  hours. 

(d)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for  at  least  28 
days. 

(b)  Another  pat  is  kenr  in  water  maintained  as  near  70**  F.  as  practicable,  and  observed  at 
intervals  fur  at  least  28  days. 

(e)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam,  above  boiling 
water,  in  a  loosely  clrjsed  vessel  for  five  hours. 

23.  Thp«c  pats,  to  satisfactorily  pass  the  ax{uircmrnts,  shall  remain  firm  and  hard,  and  show 
no  signs  nf  distortion,  checking,  cracking,  or  dismtegrating. 

24.  Sulphuric  Add  and  Magnesia.  The  cement  shall  nut  contain  more  than  1.75  percent 
of  anhydrous  sulphuric  acid  (SOa),  nor  more  than  4  per  cent  of  magnesia  (MgO). 


CHAPTER  XVL 
Structural  Mechanics. 

GENERAL  NOMENCLATURE.— The  following  nomeiiL-bture  will  be  uswl  for  all  materials 
txtfpt  R'inforred  corKTfte.  lor  which  a  i>|x:cial  uotuliuD  is  tfivcn. 

A  =  area  of  cross  section. 
/  "^  length  or  span. 

L  =  IcMRlh  orsi>an. 

h  =  breaillh  of  rectangular  section. 

d  =  depth  of  settiim;  cJianictcr  of  rivet. 
t  =5  thickness  of  [ilntos,  etc. 

R  =  radius  of  circle. 

D  »  diameter  of  circle. 

h  =  height  of  wall. 

c  "  distance  from  ncutml  :lxi^  to  extreme  filxT. 

A  -  total  deformation  in  length  /,  or  maximum  deHcction  of  beams. 

6  =  unit  deforniation. 

X  «  horizontal  coortUnale  of  clastic  curve;  variable. 

y  M  vertical  coordinate  or  dellection  of  clastic  curve;  variable. 

f  *■  eccentricity;  efficiency, 

/  «=  moment  of  inertia. 

le  —  polar  moment  of  inertia. 

J  «•  product  of  in.^rtia. 

5  —  section  nvxlulus. 
r  ■■  radius  of  gj-ralion. 

p  »  pitch  of  rivct.s.. 

P  »  concentrated  l<<ad  or  total  Htrvss  in  a  member. 

/  "  unit  fil)er  stress. 

/,  =  unit  comprL-ssivc  fiber  stress. 

ft  ■  unit  tensile  fiber  Btress. 

/,  =  unit  9he.^ri^^  filx-r  stress. 

W  ■•  tiital  uniformly  distributed  load;  weight  of  a  liody. 

«'  =  uniformly  distribute*!  Ifwd  ikt  unit  of  length;  Iixid  per  unit  of  length  at  a  diblance 
uaity  from  left  end  for  a  uniformly  varj'ing  load;  unit  internal  pressure. 

R  »  reactions  at  supp<jrts. 
Mm  '^  moment  at  any  section. 

M  «  maximum  moment. 

V",  —  total  shear  on  any  iwction. 

V  —  maximum  total  shear. 

K  "  modulus  of  elasticity. 

G  »  shearing  modulus  of  elasticity. 

X  »  Poisson's  ratio. 

+  "  comprcuwvc  streai. 

—  —  tensile  stress. 
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REINFORCED   CONCRETE    NOMENCLATURE.      Rectangular  Beams,  Reiiiforce<i  for 
Tension  Only. 

/,  =  tensile  unit  stress  in  steel,  in  pounds  per  square  inch. 
/.  =  compressive  unit  stress  in  concrete,  in  pounds  per  square  inch. 
Eg  »  modulus  of  elasticity  of  steel,  in  pounds  per  square  inch. 
Ee  =  modulus  of  elasticity  of  concrete,  in  pounds  per  square  inch, 
n  =  elasticity  ratio,  E,  +  Ee. 
M  —  bending  moment,  in  inch-pounds. 
M,  =  moment  of  resistance  of  steel,  in  inch-pounds. 
Me  —  moment  of  resistance  of  concrete,  in  inch-pounds. 
A  =  area  of  steel  section,  in  square  inches. 
b  —  width  of  beam,  in  inches. 

d  —  depth  of  beam  to  center  of  steel  reinforcement,  in  inches. 
k  —  ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 
j  ~  ratio  of  arm  of  resisting  couple  to  depth,  d. 
p  =  steel  ratio  (not  percentage),  A  -^  bd. 
C  —  total  compressive  stress  in  concrete,  in  pounds. 
T  —  total  tensile  stress  in  steel,  in  pounds. 
Tee  Beams. 
b  —  width  of  flange,  in  inches. 
y  —  width  of  stem,  in  inches. 
t  ■*  thickness  of  flange,  in  inches. 
p  »  steel  ratio  (not  percentage),  A  ■¥  bd. 
See  also  "  Rectangular  Beams  Reinforced  for  Tendon  Only." 
Rectangular  Beams,  Reinforced  for  Compression. 
A '  «  area  of  compressive  steel,  in  square  inches. 
p'  «  steel  ratio  for  compressive  steel.  A'  •¥  bd, 
jt    »  unit  compressive  stress  in  steel,  in  pounds  per  square  inch. 
C  —  total  compressive  stress  in  concrete,  in  pounds. 
C  »  total  compressive  stress  in  steel,  in  pounds. 
T  >*  total  tensile  stress  in  steel,  in  pounds. 
d'  =  depth  to  center  of  compressive  steel,  in  inches. 
2  «  depth  to  resultant  of  compressive  stresses,  in  inches. 
See  also  "  Rectangular  Beams  Reinforced  for  Tension  Only."         , 
Shear  and  Bond. 
y  =  total  shear  in  pounds. 

/,  —  unit  shearing  stress  in  concrete,  in  pounds  per  square  inch. 
/«  =  unit  bonding  stress  in  concrete,  in  pounds  per  square  inch. 
Zo  —  sum  of  the  perimeters  of  the  tension  bars,  in  inches. 
s  —  horizontal  spacing  of  stirrups. 
P  —  total  stress  carried  by  one  stirrup. 
Columns. 
A  —  total  net  area,  in  square  inches. 
At  -  area  of  longitudinal  steel,  in  square  inches. 
Ac  —  area  of  concrete,  in  square  inches. 
p  ~  steel  ratio.  A,  -r-  A. 
P  —  total  axial  load,  in  pounds. 


T)EFirnTIONS. — The  following  definitions  will  be  of  service  in  a  study  of  structural  me- 
chanics. 

Forces. — Forces  arc  cnncunvnl  when  their  lines  of  action  meet  in  a  point;  non<oncum;nt 
when  their  lines  of  action  du  not  meet  in  a  point.  Forces  arc  coplanor  when  they  Uc  in  the  same 
plane;  or  nun-coplanar  when  they  lie  in  different  planes.  Coplanar  forces  only  will  be  here  con- 
sidinil.     A  force  is  fully  defined  when  its  amount,  its  direction,  and  position  arc  known. 

Moment  of  Forces. — The  moment  uf  a  force  about  a  point  is  its  tendency  to  protluce  rotation 
about  that  point,  and  is  the  product  of  the  force  and  the  perpendicular  distance  of  the  point  from 
the  line  of  action  of  the  force. 

Couple. — A  couple  is  a  pair  of  equal  and  opposite  forces  having  different  lines  of  action. 
The  moment  of  a  couple  is  eciual  to  the  product  of  one  of  the  forces  by  the  distance  between  the 
lines  of  action  of  the  forces,  or  the  arm  of  the  couple. 

Stress. — If  a  body  be  conceived  to  be  divided  into  two  pans  by  a  plane  traversing  it  in 
any  direction,  the  force  exerted  between  these  two  parts  at  the  plane  of  division  is  an  internal 
stress.  Stress  is  force  distributed  over  an  area  in  such  a  way  as  to  be  in  equilibrium.  Stresses 
are  measured  in  pounds,  tons,  etc. 

Unit  Stress  is  the  meaauno  of  intensity  of  stress.  The  unit  stress  at  any  point  is  the  number 
of  units  of  stress  acting;  on  a  unit  of  aa-a  at  that  point.  Unit  stresses  are  expressed  in  pounds 
per  srquare  inch,  tons  per  square  foot.  etc. 

Ultimate  Stress. — Ultimate  stress  is  the  greatest  stress  which  can  be  produced  in  a  body 
before  rupture  occurs. 

Tension  is  the  name  for  the  stress  which  tends  to  prevent  the  two  adjoining  parts  of  a  Iwjdy 
from  iK'ing  pulled  apart  when  the  body  is  acted  upon  by  two  forces  acting  away  from  each  other. 

Compression  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  parts  of  a  body  from 
being  pushed  together  umler  the  influence  of  two  forces  acting  toward  each  other. 

Shear  is  the  name  of  the  stress  which  tends  to  keep  two  adjoining  planes  of  a  body  from 
sliding  on  each  other  under  the  influence  of  two  equal  and  parallel  forces  acting  in  oppo^tc  direc* 
tions. 

Axial  Stresses. — When  the  external  forces  producing  tension  or  compression  act  through 
the  center  of  a  gravity  of  the  body  the  stresses  arc  uniformly  distributed  over  the  area,  and  the 
stresses  arr  axi.il  stresses. 

Simple  Stress. — If  P  ■*  the  force  producing  tension,  compnrssion,  or  shear  and  A  -  the 
area  over  which  the  stress  is  distributed,  then 


/,  -  P(A;    /.  -  PI  A;    /,  =  P/A. 


where /i  is  tcnaile  stress,  /« is  compfvsaive  strcss,  and  /,  is  shearing  stress. 

Working  Stress. — The  working  stress  for  any  material  is  the  unit  stress  that  has  l)cen  found 
by  experiment  to  be  safe  to  allow  for  that  particular  material  to  give  a  properly  designed  striic- 
lure.  The  working  stress  for  any  particular  structurv  depends  upon  the  material  of  which  the 
urc  is  built,  the  loads  that  the  structure  is  to  carry,  the  accuracy  with  which  the  loads  and 
have  been  ralcuUted,  the  |>ossibte  defects  in  the  material,  etc. 
Factor  of  Safety.— The  factor  of  safety  is  the  number  by  which  the  ultimate  stress  must  be 
divided  to  give  the  working  stress. 

Deformation  or  Strain  is  the  change  in  the  shape  of  a  body  caused  by  the  action  of  an  ex- 
ternal fnrre.  Defunnation  or  strain  is  measured  in  linear  units.  Deformation  may  l>c  due  to 
terision,  elongation;  due  (o  compression,  shortening;  or  due  to  shear,  detrusion  or  slipping  of  one 
plane  past  .i not  her. 

Elasticity. — Up  to  a  certain  Ktrens  in  an  elastic  Inxiy  it  has  been  found  by  experiment  that 

slrrsjf  is  pn-»portional  to  strain.     This  principle  is  known  a%  "  Hooke's  I^iw."     The  ability  of  a 

bcKly  to  return  to  its  original  form  after  deformation  is  termed  elasticity.     If  the  stress  in  a  body 

carried  beyond  a  certain  limit  the  body  does  not  return  to  its  original  form,  but  a  (wrmanent 

occurs. 
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Elastic  limit^The  elastic  limit  of  a  material  is  the  highest  unit  stress  to  which  that  material 
may  be  subjected  and  still  return  to  its  original  shape  when  the  stress  is  removed,  and  is  the 
limit  within  which  the  stresses  are  directly  proportional  to  the  deformations. 

Yield  Point — In  testing  materials  a  point  is  reached  beyond  the  clastic  limit  where  unit 
elongations  increase  very  rapidly  without  any  or  with  a  very  slight  increase  in  unit  stress.  This 
Doint  is  indicated  by  the  drop  of  the  scale  beam  of  the  testing  machine.  In  steel  the  yield  point 
is  from  three  to  six  thousand  pounds  per  square  inch  above  the  elastic  limit. 

Modulus  of  Elasticity. — ^The  modulus  of  elasticity  of  a  material  is  the  constant,  which  within 
the  elastic  limit  expresses  the  ratio  between  the  unit  stress  and  unit  strain  or  deformation.  If 
E  —  modulus  of  elasticity.  P  =  an  axial  force;  A  —  cross  sectional  area  of  the  bar,  /  ■■  unit 
stress  B  P/A ;  A  »  deformation  produced  by  P  in  a  length  /,  and  S  »  A/l;  then 

E  =  {FIA)liA/n    or    £-//5. 

The  modulus  of  elasticity  may  be  defined  as  that  force,  were  Hooke's  law  applicable  without 
limit,  which  would  produce  in  a  bar  with  a  cross  section  of  one  square  inch  a  deformation  equal 
to  its  original  length. 

The  modulus  of  elasticity  of  steel  is  very  closely  E  ~  30,000,000  lb.  per  sq.  in.;  the  modulus 
of  elasticity  of  timber  is  approximately  E  —  1,500,000  lb.  per  sq.  in.;  while  the  modulus  of  elas- 
ticity of  concrete  varies  from  E  —  1,500,000  lb.  per  sq.  in.  to  £  —  3,000,000  lb.  per  sq.  in.  with 
an  average  value  of  £  «=  2,000,000  lb.  per  sq.  in. 

Shearing  Modulus  of  Elasticity. — ^The  shearing  modulus  of  elasticity,  also  called  the  modulus 
of  rigidity,  is  the  modulus  expressing  the  ratio  between  unit  shearing  stress  and  unit  shearing 
strain.  The  value  of  shearing  modulus  of  elasticity  for  steel  is  about  i  of  the  value  of  £,  or 
G  «  12,000,000  lb.  per  sq.  in. 

Poisson's  Ratio. — Direct  stress  produces  a  strain  in  its  own  direction  and  an  opposite  kind 
of  strain  in  every  direction  perpendicular  to  its  own.  For  example  a  bar  under  tensile  stress 
extends  longitudinally  and  contracts  laterally.  Poisson's  ratio  is  the  ratio  of  lateral  strain  to 
longitudinal  strain,  and  is  a  constant  below  the  clastic  limit.  For  steel  Poisson's  ratio  is  i  to  i, 
while  for  concrete  it  is  from  i  to  -f^. 

Rupture  Strength. — In  testing  steel  the  cross  sectional  area  rapidly  decreases  beyond  the 
ultimate  stress  and  if  the  rupture  stress  be  divided  by  the  original  cross  sectional  area  the  unit 
stress  at  rupture  will  be  less  than  the  ultimate  stress. 

Ultimate  Deformation. — The  ultimate  deformation  is  the  total  deformation  in  a  prescribed 
length,  commonly  8  inches,  or  2  inches.  It  is  usually  expressed  in  per  cent  for  a  length  of  8  inches, 
or  of  2  inches. 

Work  or  Resilience  in  a  Bar. — ^The  amount  of  work  that  can  l>e  stored  up  in  a  body  under 
stress  within  the  elastic  limit  is  called  resilience  or  "  internal  work.*'  When  the  external  force 
has  been  gradually  applied  all  the  work  may  be  recovered  when  the  force  is  removed. 

From  the  law  of  conservation  of  energy  the  external  work  due  to  the  force  is  equal  to  the 
resilience  or  internal  work.  If  a  load  P  is  supported  at  the  lower  end  of  a  bar  without  weight,  hav. 
ing  a  length  /  and  a  cross  sectional  area  A ;  then  the  external  work  will  be  J  F-A,  where  A  —  the 
total  deformation,  and  the  internal  work  or  resilience  will  be 

when  /  ~  elastic  limit  of  the  material  then  \plE  is  termed  the  Modulus  of  Resilience, 

Stresses  due  to  Sudden  Loads. — In  a  bar  acted  on  by  a  static  load,  P,  gradually  applied, 
the  total  resilience  will  be  iC  -  jA.P.  If  the  load  P  is  suddenly  applied  we  will  have  K  =  A.P, 
from  which  it  is  seen  that  the  stress  produced  by  a  sudden  load  is  twice  that  produced  by  a  load 
gradually  applied. 
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Impact. — The  stresses  due  tu  moving  loads  arc  greater  than  the  stresses  due  to  loads  at  rest. 
The  increase  in  stress  of  the  moving  load  uver  the  load  at  a-st  is  called  impact.  For  a  discussion 
of  impact  stresses  in  railway  bridges  see  page  i6i,  Chapter  IV. 

STRESSES  IN  BEAMS.— When  a  straight  beam  or  bar  is  supported  near  the  ends  and 
carriei*  loads  or  forces  applied  transverse  to  the  length  of  the  axis  of  the  beam  or  bar,  the  axis 
of  the  member  assumes  a  curve.  The  transverse  loads  or  forces  are  carried  by  flexure,  which  is  a 
combination  of  the  three  simple  stresses  of  tension,  compression  and  shear.  For  example,  a  simple 
beam  resting  horizontally  on  supports  carries  a  concentrated  load.  The  fibers  on  the  lower  or 
convex  side  of  the  beam  will  be  elongated  and  are  therefore  in  tension,  while  the  fibers  on  the 
upper  or  concave  side  arc  shortened  and  are  therefore  in  compression.  Shear  is  taking  place 
between  each  vertical  plane  of  the  beam  and  the  plane  adjoining  between  the  load  and  each 
support.  Since  the  longitudinal  stresses  in  a  simple  beam  vnry  from  a  maximum  compression 
on  the  concave  side  to  a  maximum  tension  on  the  convex  side,  the  stresses  wilt  pass  through 
zero  on  some  plane,  called  the  neutral  plane  or  axis.  Also  since  the  fibers  on  each  side  of  the 
neutral  axis  carry  different  amounts  of  stress,  they  will  lengthen  or  shorten  different  amounts, 
and  there  will  therefore  be  horizontal  shearing  stresses  as  well  as  vertical  shearing  stresses. 

Neutral  Surface  and  Nentral  Axis. — Under  flexure  a  Iwarn  is  curved,  and  the  fil>crs  on  the 
concave  side  are  in  compression  while  the  fibers  on  the  convex  side  arc  in  tension.  The  neutral 
surface  is  a  surface  on  which  the  fibers  have  zero  stress,  and  the  neutral  axis  is  the  trace  of  this 
plane  on  any  longitudinal  section  of  the  beam.  In  a  simple  horizontal  beam  carrying  vertical 
loads  the  neutral  axis  jmsscs  through  the  center  of  gravity  of  the  cross  section  of  the  Ix-am,  for  a 
rectangular  beam  the  neutral  axis  is  at  half  the  height  of  the  t>eara.  Where  a  beam  carries  loads 
that  are  not  at  right  angles  to  the  neutral  axis  of  the  beam,  the  beam  is  in  equilibrium  under 
flexure  and  direct  stress,  and  the  neutral  axis  or  line  of  zero  stress  will  not  pass  through  the  center 
of  gravity  of  the  crt>8s  section  of  the  beam,  am!  may  fall  entirely  outside  the  beam.  A  bar  carrying 
simple  tension  or  compression  may  be  considered  as  a  beam  in  which  the  neutral  axis  is  at  an 
infinite  distance  from  the  center  of  gravity  of  the  cross  section  of  the  beam. 

ReactioDS. — For  any  structure  to  be  in  equilibrium,  (i)  the  sum  of  the  horizontal  components 
of  all  forces  acting  on  the  beam  must  equal  zero,  (a)  the  sum  of  the  vertical  components  of  all 
forces  acting  on  the  beam  must  ei|ual  zero,  and  (3)  the  sum  of  the  moments  about  any  jwint  of 
all  forces  acting  on  the  beam  must  tx*  equal  to  zero.  Having  the  loads  given  the  reactions  can 
be  calculated  by  applying  the  three  conditions  of  equilibrium. 

Vertical  Shear. — The  vertical  shear  in  a  beam  is  equal  to  the  algebraic  sum  of  the  forces 
(reaction  minus  the  loads)  on  the  left  of  the  section  considered. 

Beading  Moment. — The  bending  moment  at  any  section  of  a  beam  is  equal  to  the  algebraic 
sum  of  th*'  moments  of  the  reaction  and  the  loads  on  the  left  of  the  section. 

Relations  between  Shear  and  Bending  Moment — In  a  simple  beam  carr>'ing  vertical  loads 
the  shear  is  a  maximum  at  tht-  9upi»)rts  and  pasat^s  through  zero  at  si»mc  Intermediate  point  in 
the  beam.  The  bending  moment  is  zero  at  the  supports  and  is  :i  maximum  at  some  intennediate 
point  in  the  beam.  The  shear  is  the  algebraic  sum  of  all  the  forces  on  the  left  of  a  section,  while 
the  bemfing  moment  may  be  defined  as  the  atgebratr  sum  of  all  the  shearing  stresses  on  the  left 
of  the  section.  The  definite  integral  of  the  loads  to  the  left  of  the  section  ccjuals  the  shear  at  the 
aection,  and  the  definite  integral  of  the  shear  to  the  left  of  the  section  is  equal  to  the  bending 
moment  at  the  section.  From  the  above  it  will  be  seen  that  maximum  bending  moment  will 
come  at  thtf  ;joint  of  zero  shear. 

Formulas  for  Flexure. — Applying  the  conditions  for  static  equilibrium  to  any  cross  section 
of  a  beam  we  have,  (1)  Sum  of  Tensile  Stresses  •■  Sum  of  Compressive  Stresses;  (3)  Resisting 
Shear  »  Vertical  Shear;  (3)  Resisting  .Moment  =  Bending  Moment. 

Resisting  Shear. — If  tlie  shearing  stresses  arc  uniformly  distributed  the  shearing  stre«s 
will  be 


A-    V(A, 
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The  shearing  stresses  are  not  uniformly  distributed  and  for  a  rectangular  beam  /,  >=  |K/i4, 
while  in  a  circular  beara/r  *■  t^/A. 

Resisting  Moment — The  bending  moment  at  any  section  is  resisted  by  the  moment  of  the 
tensile  and  compressive  stresses  which  act  as  a  couple  with  an  arm  equal  to  the  distance  between 
the  centroids  of  the  tensile  and  compressive  stresses.  The  moment  of  this  internal  couple  is 
called  the  resisting  moment.  If  /  «  the  unit  stress  at  any  extreme  fiber  on  the  surface  of  the 
beam  due  to  bending  moment,  c  »  distance  from  that  fiber  to  the  neutral  axis,  and  M  >■  the 
bending  moment,  or  the  resisting  moment,  then 

j/«i_,    or    /--jT-.  (2) 

where  I  =■  the  moment  of  inertia  of  the  cross  section  of  the  beam. 

Moment  of  Inertia. — The  moment  of  inertia  of  any  area  about  any  axis  is  equal  to  the  sum 
of  the  products  obtained  by  multiplying  each  differential  area,  dA ,  by  a?,  the  square  of  the  distance 
of  each  elementary  area  from  the  axis,  /  »  X^-dA.  The  moment  of  inertia  of  any  section  is  a 
minimum  when  the  axis  passes  through  the  center  of  gravity  of  the  cross  section. 

Section  Modulus. — In  designing  beams  it  is  convenient  to  use  the  ratio  5  ■*  //c,  so  that 
M  =  f-S,  or/  =-  M/S.    The  ratio  S  is  known  as  the  section  modulus. 

Tables  of  Moments  of  Inertia  and  Section  Modulus. — Values  of  moment  of  inertia,  /,  and 
section  modulus,  5,  for  different  sections  are  given  on  pages  548  to  551,  inclusive.  Values  of 
moment  of  inertia  and  section  modulus  of  structural  shapes  are  given  in  Part  II. 

Deflection  of  Beams. — In  a  simple  beam  carrying  vertical  loads  the  upper  fibers  are  shortened 
and  the  lower  fibers  are  lengthened,  while  the  fibers  on  the  neutral  axis  are  not  changed  in  length 
but  the  neutral  axis  assumed  the  form  of  a  curve.  The  differential  equation  of  the  elastic  curve 
of  a  horizontal  beam  carrying  vertical  loads  will  be 

^--^  (3) 

Substituting  proper  values  of  E,  I  and  M,  integrating  twice  and  giving  proper  values  to  the 
constants  of  integration,  the  values  y,  or  the  deflection  may  be  calculated  for  any  point  in  the 
beam.  The  equation  of  the  clastic  curve  of  beams  of  various  types  are  given  on  pages  531  to 
547,  inclusive. 

The  maximum  bending  moments  and  shears  in  beams  due  to  moving  concentrated  loads  are 
given  on  page  542. 

The  moments  and  shears  in  continuous  beams  are  given  on  page  543,  page  544  and  page  545. 

Formulas  for  stresses  in  reinforced  concrete  beams  are  given  on  page  546,  and  stresses  in 
columns,  safe  working  stresses,  and  safe  loads  on  slabs  are  given  on  page  547. 
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where  A=3rea  sectmn>m 


ft/ 


'1-: 


\ 


Unit  shear  on  n-n, 

F=j^sin?0'^^ffSinl$    (e) 
Unit  tensionon  n-n, 

F-^sin^e=Ff.sin^&        (d) 
m    Max.  unit  sheer onn-/r, 

Fi/^;  0-451  (cj 

Hbx.  vnit  tension  on  n-n, 
^n       f'4;    i9=S0'';  (dj 

t^hereJ^'^j  A^areaoFsectfonm-m. 


S.DlAOONAL  5Tf?t55r3:ConFl^t5JIVtfO^£, 

Unit  she  aroonn, 

F^}^sintS'l(sin^&;  (a) 
Unit  compression  on  n-n, 

F'£sin^fi^(sjh^ff  ib) 
Ffax.  unit  shear  on  n-n^ 

FiFc;&-4S'';  (c) 
/iox  unit  compression  on nn, 

F'/^,  0^90";         MJ 

where  ^  '£*A-  aim  section  m-m . 


e.PiAOOmi  MD^fX  TlH5iUS3HEARmFQHa5, 
P 


n 


^^. 


m 


,/ 


^ 


;' 


/ 


Max  unit  shear  on  nm 
Max.  vnit  tension  on  n-n. 
Max  unit  compression  on  ooi 

f         where  f'fj  4  *J.  A'Sreasec  m-m 


\ 


m 

~pr 


lDlA6mAl3m55O:C0tJFMe55lVr&5H&U(m/iHtCt5. 

p 


^ 


t 


0,      J    •^, 

m  V?\ 


./ 


P 


MiXMnitshe^on  n-n; 
^  ^      Max  unitcoa^esii0n<mn-n, 
^         tfax  untt  tension  on  nn, 

where /c''£;4'f;A'areasec.m-m. 


3.  tLUP5£(^5Ti?£35:Tl^0iffre5T/ft3St5. 

.,——.,    ^'  6nTn:Unitstres9e3enC^i0F. 

'''  ''^^  ^et^rrdUnitstrtssonCE 

Isfof/AOandSO^unit 
streneionWkDtOtif^ 
c/rcMs^  n  Vnorma/loCE, 
mfand  oFfi^alleitQAO 
and 80  ThtnEU'miNr- 
eisooCf.P^sHn^-mft 
fiormiistrnyFOcas^ 
'      arut  shear  Eii^se/s 
hcvs  oFF/bra/ira/- 
oes  oF6. 


3 


y 
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9£LAST/CDemfm7M^:TBtSmAf1DC(mPR£S5Wf. 


r 
Jt.. 


fJL: 

m 


K' 


T' 


Tbta/cfeformatwD, 
l/nit  defbrmatbn, 

tyhereA'^sressec^onm-m. 


(a) 


(t) 


(c) 


W.  Elastic  DBF<mtiATi(m:SH£A^. 


S  4^  AA 
Total  deFormatii^, 

A-.£l^fl 
G     AO 
UmtdeformatJQn, 

G  AO 


(a) 


(b) 


(0 


wherfA^areasecthnm-m. 


liMnruTTDeFORtMr/orf: 


(a) 


Percent  e/ofi<fai/on, 

i^c&itreafucihnoFarea, 
d^^'/ao      (b) 

i=  Oriqina/fengih. 
2'"  lenqthai  Fal/ure. 
A ''^On'q/na/ section  area. 
A  =  Area  n^tfrecf sect/on. 


t2.  WmFlpesAfiDCYimDERsr/mimiAiPite^&ffe. 


lonq^udinaln^?tere,  $ecahm, 

2  '^  it      '^ 


prnrq 


•K  Transverse  rtwture,se€,iHi, 


- 


^) 


4   '       4t 

r^  I  w-mtujiernei pressure 
..i  ^  Soih/bnqkud'naland trans- 
/>"j||^.^.".^"V7    ^  twsestressesareM^pend- 
o'|>-v.---.-.-=i-I;l  „'  •§  antoftheformoftheends. 


13. 3TWC53nMM6LeRlV£rtDLAPjOMT5. 


■f'^jOn*,!    t     Unitt&istononpfaiet 


p\"•r^^ 


p\^-\^ 


-\p     l/n/tcompressJononnVet, 
fc-PHd  (h) 


14.  ST^ssesmDouBiMRn^tTeolAPjoum. 
^ L4S^O''j    I    (fpit  tension  on  piate 9 


pr 


£J"^®"^h^    Unftsfiearonriret, 


\^ 


/br/ong^tadmaijointsin 
pipes  orcy/tnders  P'Jiti^ 
0=cii9m.pipecrcynader. 


(c) 


— jnzr 

p\^      I© 


P 


0} 

l/n^  compression  oo rivet, 
fc-~PTEtd  (t>) 

Unit  3he9ronr/yet, 
^-P^^ird'         (€) 

n^iooqitudhal/Mhtsmpipe 
or  cylinders  P'^K^Hp,  (4) 
J^'dtam.  oTpipe  orcy/inder. 


i5,D£5m(^5mLeRiy£TtDLAPJof/frs. 

5ee  figure  aifoye.  For  Butt  Joints  see  C/iapt,XW 
Host  efficient  joint /or  qrfihdersandpipe^ 

(a)  0)         (c)  (dJ 

JiostdfKieotJointfor  q/rentAidmessp/ate; 

'-%'=  H'ih  -^^' 

(€)  (fj  (q> 

forjmi3mtfim0ret/)antmroivsoFriitfi^ieeOiiptJ¥IL 


l6.Desi6fforihoBL£ffiveTeDLAPjo/Nrs. 

3ee  ffqure  adove. 

Most  efficient  joint  forcyiinders  andpipe, 

(a)       (bj  (c)  (d) 

Jioste/ficientjoint/brqniMtdicAnes9p/ate, 

(e)  (fj  (q) 

Ferjdnts  with  more  ttfintm  rem  1^ rivets  See  Cftapt/I^ 


FXEXURAI.  STRESSES. 


M-^  (b) 

^tdmmoduAfiforqiyepmcmeaiefx/f^sfress^ 

tlomeDtcffntrtii  /brqhrp  /mmMi^fj'Sir^rest 
andafistaoce  to  eAheme  /j'Ser, 


id.  tiAsr/c  DcrLccr/OffOFBeAMS. 

Differenbii equation  from  nt/uc/iegudtfoncfehstk 


un^/sfouod 


SI 


^_ 


'/^r 


<a> 


^t  fntegrs^e  iwt'ce  Setermthmqcons^^h  o^ 
hitgra^hn  bysab^Ilulmgbioivn  r^hesofsiope 

Theequat/bnofcur¥e  dian^i<^ewry  concen- 
trated had  but  h  same  thraaqhoothrtmithrm 
loadorfortrnformfy  r^ryinq/oad. 


19. 3/ffA/fj/io  5me55t5mB£Arj3* 


Awrsge  anits/tear/nq  stress^ 


fy 


<^) 


Ikithfni^fafsJKdrinqstrent 
(knqItodw^5/?ear) 


20.  COLU/^tfrOKrrULA5:AXlALLQA0S, 

Straight  Line  Formula, 

•A        r 
for  constants  aandSseeTa^iXpaqeSO. 


Oil  centroidof 
5t)adedaree 


f.'/^9n. 


rsj 


m 


9n  'sfatKmomenfofsred, 
a6ovfsecilon£ansiderf(^ai)oat 
nevtrafsMis.  Forhoriiontafs/tearatm-m,  9n  ' 
drea  of  steaded por  Hon  mo/tip/ie^fSyz,  the 
distance  toils  centroid.  T/temax  un/t/}oriz- 
ontal  yhear  tvii/occofat  (heneotrataxis. 

T/>e  max.  unithariionta/shear  /or  a  rectanq- 
oiart>eam  -^ai^raqe  unit  st>ear^  for  circo/ar 
sectii>n,i-jand  Foranl-^eam  may  6e  as/nt/c/? 
as  If  times  average  mtyhear. 

For  rolled  or  6vt7t  I't>eams  tfiemax.onit 
ticriiontai shear  very  near fyeqt/ais  the  total 
Yertkafsf)eardiwicfed  6/  area  oF*re6. 


J?anAin€*sfOondodsJFormt//af 

for  constants  Ec'andi^seeTabielXpaqeSO. 
Fu/erb  Forma/a, 

According  to  Merriman  cc  %?5  ttie 
fo/iotv/nq  vaic/es; 
3ot/j ends  ijinqed, cc^^n' 
On  e  end  Fixed  and  one  i)mqed,  (r'=Tjff 
Sot/}  ends  Fixed,  a  '=4^^ 

In  f(//er  'sfvrmuia  F-cfitimate  strenqt/}. 


a.  TOR5lOfiOr5HArT5. 

^id  roondsfiafh, 
Fe^lnd^F 


ZZ:5rt?t3Se3  fflHdOK5:  Approximate  Soiotion, 
ffaximum  tension. 


i6 


H 


(a) 
(b) 

Ccj 


/f'/forse  potter, 
/f'rer.perminoie. 


f-mOOOj^i 

d^6S.s[g 

5o/id  square  shafts, 
Pe'^d^F  /appr&x.i  (di 
F'fHOOO^^^  -      {e) 


-f?^ 


<a} 


where  A*  area  of  sect  ion 
mm.e' distance  from  line 
of  action  of  load,f^  to  cent ' 
rofd  of  mm,  c-  distance 
from  centroid  to  extreme 
fiber  on  tension  Sfde,  /= 
moment  of  inertia  of  sec- 
tionm'm  ai^oot axisthr' 
'-'  ouqh  centroid'      ^ 

for  exact  sdution  see  'S/ocum  and/fancocA,p/9l. 


25  PL4T£OiRD£l?S:5eeshoChapterXVli 

M'^rfh  (a) 

ares.  M'{Ar*iAjFh  m 

(3)  ttoment  of  inertia  ofneis^ct/on, 

M^^'  fcl 

(4}MomentofinerhaoFaros5  section. 

4fgn<^4m  -  neiarfdofoDefbfi^  dndgross  ared 
oFii^eh,  I  and  I = moment  oFiftert/9  oPqrosi 
snd  of  net  section,  A  -  </V.  jtci  offhnges. 


i4Un5mtinmAL  LQAP50n8rdt1%4pproiimtt5ohtion. 

ti'i7>dJr  moment  for  rtrttulkidi 
I,  -  moment  of  inertia ^  *r/"j  /-/ 
I^  -  moment  ofimrti^t  ^A/i  Z-^ 
.    I, 

'v    L    •-/  ^^^  ((fmpressfife  fiber  stress, 
/<!  flax  fensihftbfr  stress; 


f,^n(. 


cUose^cj^^Jj^ 


l5,£cCCnTHlCiOAD50nFRl5t15:^4ioai^t.V. 


26,n£XU^eAnDDmCT5fR£55. 

Ftexwtand compression,  F*- > j-,p^}^ ,rjMi 

P         tic 
f/eiureaneftenston,       f.-^d  T7P7^f¥^' 

h  to  For  both  ends  funded,  24foronetndhntqtd 
and  ontFi/ecl,it  for  both  ends  figed* 


Approximate  forma  la, 


fA^' 


(a 


for  direct  stress  either  tension  or  compression. 
t1  may  bedueto  rretght  ofmembfrorto  ejttrmtloid. 


M^^etWe' 


P'ffsinatW 
ff'Pfyin  a  e  ^^cosafHW. 
Stressatm^  c.P.^  Jiressatmfr^P  fie  . 
OV;,'  A    !„' 

I^  'moment  of  inertia  0 f section  rrf-m'abootasiso-n. 
A  'area  ofsectiorj  m-m'. 
l^eoFact/on  ofreso/taot,  jr'firP  j 
tF there  is  tension  at  m  and  section  ^itloettake  it,  the 
stress^  f9''0  apdat/P'jPfj-jrJforrectan^.sect 


1 

A  'Potssodsffatio, 


^j  ff,hf^  'epp^rent  unitstressei 

tf,t^itj  ^trueom't  stresses, 
tr-^-Aif-Jj:  (a) 

t/ff-A^-Aff  ;  <b) 

tj-ff-^-Aff,         (c) 

/fan/ stress  is  tension dtan- 

qe  its  sign  in  above  formolss. 

4'j  forsteeiarHtwrooghtiron. 

A 'if or  cast  iron. 

A* ^  For  concrete. 


28,  CruNDRlCAL  P0U€R5, 

Un,t stress forqiwnload    cJSW^Fji  ,,, 
androiier,  [im     / 

Length  forgiven  had,<£am.     }W_  f_fjf 
and-un»t  stress.  ^"2fDL2fJ  i  f^ 

Total  load  for  given  roller  ^    hnff2Flift\ 
andun^t  stress.  ^""j      IfJ'     ' 


I  oadper  umt  length  For       w-^. 

gnren  roller  and  ontt  stress.  }^'i^_ 
0 =diam.  oF roller.  L '  length  oFrofler, 
£'n>odulus  oFelasticitjr. 


(d) 


29.ThiCKPiP£iAMDCYHIiDeP5:lntermlf^essvre- 
tiatirrrvnrfunit  tension ^ 

f^m^fLlI^'  rat 

FfaMfmvm  unit  compression, 
f^'vv  (b) 

ThicitnessFor  girenpresst/re, 
ontt  tension  arviinlefo^radmit 

wuntt  internal  pressure. 


pr 


Ui: 
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ja  5Tffe5^5mrLAr  PLATeyanirofftiLOAD, 


G 


I. 


CircufarFiste; 

Circumference  f/Aed, 

64 1^  ' 
CircumFerence  stfpp&rted, 

mt' 

Rectsnqt/hr  Plate, 
Circumference  fixed f 

Cf'rctfmference  st/ppori^^ 
Unitstressh  di>ool  ^ 
ihM  for  drcwnference fixed. 
Square  Pistes, 

Orcvmference  fined, 

Cira/mference  si/pporM, 

fcretrttf^fere^te  fixed. 

Set  Chapter  Yf it, p  Sl^^efktkiH. 


51.  mRK  Of?  trtsiuetict. 

BAR3. 
Worl<<hnein^res^tnqa  bart^eioweissiit 
/imit.From  OtoP^or  Otofy 

FromPftofi  orf^tof^^ 

BFAMS. 

Oefiection  under  one  had 
Defiection  at  snypomt^ 


^  j~Fr' 


(cfJ 


where  tij,  -moment  at  enypomt  che  to 
qiven  foadinq  and  M  •  rnomentat  any 
point  dt^  to  a  unit  ioad pisced at  the 
fio/nt  at  which  the  defiection  is  req- 
uired. 


0) 


(b) 


3d  CtnTRoiO   (CeriTEROfeRAvrrr)^ 

Oe  nersl  formulae; 
^.  /mSA    ASA  ^ 
'  fSA'     A    ' 
rf.fySA,/y£A, 
^'  /6A     A' 
StrtKturaf  sections  cs/fde 
divided  into  finite  dementi 
theprop  frttes  ofi^hk  it  are 
known,  Theniii0ndfb}6Kon)e 
-    Ia^,  iOpy 
'      A     '  A      ' 

^     A         A     ' 
%  'StatK  momeniabcof^»fiff»JB5. 
in  fiql  let  4,  J  J ,  Af  andA^  = 
areas  of  top  ifj  attorn  l^,  cav. 
'^,p/.an&nffbp/i.andyi,y^,yf,^ 
F         fia  3      V*    "^  tfeordinaies  of  their  cenffM/s. 
y  ^^-paraifei':^'^         jl'O  by  symmetry, 
fj^enifoM,  fA,^  -^        -,  /&^  A,y,^^i^*4jh*44Y4 
JfeV'>i.     ■■■yl'V  ^       A.^A,^AjfA^ 

4>S^ .  --^r;  J^    Fiq}  Ctntroidoftrspe^oid 


U) 


(dl 


33.  tlofisnTOFtnsffTiA  Ano  Product  Of  intRTiA. 
6A     Oenerai Formulas, 

J„'fxySA 

Tran^ormatfon  formulas, 
Ij=I,^di-I,-Ij-Adi(a) 
r,'=^'*d^;rc'^r/'dW 
Jyy  --^t-^Axy,        (d 


I,  -I,C0s'^*[,  iin'4'^sinH 

Principa} Momenta  of  Inertia; 
tanta--ZJ,r/tTy'IJ;(i) 
I.  'Igmk*lr9in^iJ^^^ia 


Axes  are  designated  by  subscripts . 
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34  -  CAHr/uvfji  BsAM  wirH  Ioa/>,  PjAT  fifcff  Ehd  • 


^MNIIIIHWIIIIIMV 


wm^i 


Beam 

Shear 
Dj'a^ram 

Moment 
Diagram 

Elastic 
Curve • 


Shear  at  any  po/nfi  Ki^P* 
Moment  at  any  pomtt 

Max/mtfm  Moment^  M^  PI* 
ffi/at/hn  ofE/ast/c  O/rve, 


55CANriL£V£R  Beam  with  UmFOHH 


w  per  unit  oF  iea0fh'\  ^ 


Beam 


ir^^Anj-'it^ 


i<-A_ 


Diagram 
:|:  ^^"'^^^WJJIIII ^'  Moment 

V' — -j^sLiZ      m     Biaatic 
A  l^ 1^        m    Curve 


lOAO,  W  PBR  Unit  of  Length- 
£nt^  Reaction,  ^jt^wl* 
Shear  at  any  point  /Jr"'  *vx- 
Max- Shear  J  /'^  iv/- 

Moment  at  any  point,  Mx"  ^  „ 

Max'Moment,  at Pi^ht Support, M^^ 
Equation  oF  Elastic  Curva 

8EI 


A^^, 


56  CAttriLEVEJi  Beam  mrtf  CoMceHTHATEP  LoAi> ,  P,  at  amy  Point* 


i 


Beam 


Shear 
Diagram 

Moment 
Diagram 

Elastic 
Curve 


End  Reaction,  Pt'P* 
Shear  between  P  and  Support  •  A 
Moment  between  P  and  Support  P(x'kl) 
Max- Moment,  at  Pi^htSapport^Pfl'Jcl) 
Efi/at/on  oF  Eiastic  Curve  bebaeenPSi^i 

y^^^3kl^tZZhx^-5f(lx^-32^xt6Afx) 
p  • 

DeFiection  underload,  A^'=^f  (I'/rZj 

Majt*DeF/ection,  A  ^0^  (^-M^A^J 


37    CANT/iF^Ffi  Beam  mr//  yAP/ABiE  Load 


wxptr  mitUngth 


Beam 


wx' 


\^T^m:^"ot;n 


^ram 


wi*  Moment 
€     Digram 

Elastic 
Carve 


EndPeaction,  Pt 

Shear  at  any  point,  f^x  *= 

Max-Shear,  /-  ^- 

Moment  at  any  point,  Mjc  *  '-f  ■ 

Max- Moment,  M°^. 

a 

Equation  oF  Elast/c  Curve 

y^mi(^-^^^^^')^ 

Max-DeFlectfyn,  A"^ 
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537 


38.5/MPLS 


d 


^''k---A:i^\..J'^- 


'#■ 


B5AM~  COMCENTffAT£P   LOA£>  AT  T^C  Cff/fTE^' 

Moment  af  any  point"' 

a^tiveen  J?j  &  P;  tfx  ^^jX  "  -fx-      ^ 
between  P^ /?zjMjc-P,XrP(xri)=§CZ-x,) 
Max  Moment;  // -  ^  PI,  occurs  afx"  i  * 

flasf/c  Curve  snd  Defkctions  • 

Sftf^eenPr^P;y=^^/  C4x'-3Z'x)- 

Betuveen  P  &  P^-  symmetr/caf  akouf-  cenfar- 

M9xDer/e€twn;A-Jy  iL\  JT^i. 
4S  £T  2 


% 


Beam 


Shear 
Diagram 

Mement 
Diagram 

P/astfc 

Curva 


P, 


39  -Sjmplb  Beam  • 

r"f-;^--l 
Ei    j    h 


^- 


i  I 


^-:P[M 


iiiiiiniiii 


riJ 


'•/  /^  /X/ 


COfiCEHmATEO   LOAO  AT  ANY  /^le/T- 

Em/Peacth/iS  :  R,  =  ^^^ }  Pi 
Shear  at  anypo/nf.-  ^    . 

Be/trr^n  Pj^P,  i^^  =^Pj  =  ^^Z- 
Bett^e/T  P^Pt,  /i  '/}.  -  ^  -  _ 

Max-Shear;  for a<^,i''ip,iFora>j,  /'^g' 


Beam 


T      ' 


Shear 
Diagram 

Moment 
Diagram 

Curve 


Moment  at  any  pofni-  -  d/>  _  ,  i 

Bef>eeenPjP;Mjc-P,X-  "V^^-^,  , 
Between  PJtPgs  Mx  'P,x-P(aU)=  O^x-Pfx^) 
HaxMoment;M'Pj3~  ^^j^'  occurs  afx^a' 

Pisstic  Curw  and  DeP/ect/ons: 

B,fmenP,&P;y=  M^f/Js-^-xV' 
BetmenPJi^iy,^  ^^fitxra^j^f)- 

MaxPefI;.>§;A^^§ff^/;X^]^ 


4D'SmPLE  Beam 


f^^ 

f^ 

/•Mi 

1 

--  — -H 

:      1 

\      1 

i  A-L. 

1 

Y 


LittlllfHIIIITiTsi 


Tifi^  POUAL  €OMC£/tTRATEb  lPA£iS,SrMMETR/CALLY  PzACE£>- 

t'nd Peactfons ;  vP/  '=Pe  ^P- 
Shear  a f  any  point: 

Bf/weenP,and/ePtP;  Vx^P^ 

Between  I  oads;  i^x-O- 

Bftween  right  P  and  Pt;i^x''P' 

Max-  Shear,  ^-/*- 
Moment  at  any  pain  ft 

Between P, and M ft P;  Mx'Px- 

Between  loads;  Mx  ^PjX-Pfx-a)  'Pa- 

Max-  Moment;  M~  Pa  - 
£ ia bHc  Curve  ^  Pef Jecf tons: 

BftweenP,^/ePf  P;  y=  ^.  (Bla  -3^'-x^  • 


Beam 


Shear 
Diagram 

Moment 

Diagram 


^-'-'->\  I 
V-^-^ 


EJasf/c 
Ct/rva 


0E/ 
Between  loads :y,  -^  fSlx-Jx^-s')  • 

Between  right  P^Pt ;  symmetncai wPh  k/t  ioedJtPr 

Max'0ePiectipn;A''^^(3l-4d')}  X=^  ■ 


i 
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I 


^L  5/MPL5  Beam- Un!Form  Load- 


»fiar  v^f'f- /ef7^ff^ 


f^flTTTr^^: 


tv^ 


Beam 


Shsar 


//        !  Diagram 

Elastic 
Curve 


Emf  Reactions' Ri  =f?t ~  "2  ' 
5h^9r  st^ny  point:    \t^  =  ^~  tvx  • 

H9j(  5hesr,V'  ^ ;  occurs  ^t  each  support- 

^^wL  \  occurs  at  csn tier' 


Moment  at  any  pafnt'  tfjt 
tf3x  tfa/nept;  tf = g-wl^f^ 
^hstt'c  Curvr  3nd  OeFtectfons: 


Msjt^  DeF/ectre/?;A  -ff4  fj;  X= 


l»'X> 


J^.J/jiPtf  Beam 


TRiAN6ULAR    loAO    WiTH   MaX/MUM  AT   THE  CBNT^R 


R, 


>^m^ 


8    Uii 


R^ 


i  wl 


:  tf- 


'Yi 


Beam 


Shear 
Diagram 

tfomtnt 
Diagram 

Biastic 

Cvrve 


Total  Load  =y^  ■  , 

Bnd Reactions:  R,  'R^  -  ^ 
Shear  at<?ny  point:  ^ 

fittiveenR,^  Center;  /^  =  »vff'~^J' 
Bett^n  Center  J^Rii  Vx  =  ^f^l'-lx  i-§- ) 
tiax  Shear;  ^-y  ^^'  occurs  ef- supports- 
Moment  at  any  point  : 

Between  B,  and  Center ;Mx  '^trxf-^-  ^J 
Bettwen Center ^Rr;  Mx  =^(-l^t9l5('IZU'*4/^} 
Max- Moment}  M^^  wl^j  occurs  stcenfer» 
Biastic  Curve  and  Defiections*  _ 

BettYeen  Center  Be  ^t;  Symmetrical* 
Max-  Defirction;  A  ='^i/i>/  /  -^  '^  J" 


45^  SmPiE  B^Atf-  TRiANSULAfi  Loag  WiTH  MAXiMUti  AT RiSifr BrtD 
Beam 


WX'-- 


wl 


Totai  lo3d=  ^'^ 


^/nriTTTTrr^,^,,,,, 


Shear 
Diagram 

Moment 
Diagram 

EksfkCunfe 


Bnd  Reactions  :R,  "^wl^;  R^  ''iwl^- 
Shear  at  any  point:  /^  -  ^f-^  ~^'J 
•    Majc-Bhear/  ii'jwif occurs  at  right  support' 
Moment  at  any  point :  Mjc  =  ~^fl^~x')- 

Max-Moment;  M=  0-064  rvPfOccurs  atX''DS774!' 
B/ast/c  Curve  and  Deflections  : 

Max  Deflection;  A  ^  C•ffO0S^  y/j  X^OSi9i3 1  • 


44'5jtiPLE  BEAM-TiSAP^ZOWAl  lOAD  l/VtTN  MAXlMUtl  AT  PjSHT  BnD- 

Beam  ^^^^^  ^^^'^^  "^  ^  ^' 

Bnd  Reactions  -R,  -/  fV,  ^^;JPe  *  ?/«?  ^iwtl) 

Shear  at  any  point:  ^  «  «j  /^/W^  ^Ci  ~^'J 


Shear 
Diagram 

Moment 
Diagram 

Bie^h'c  Carv9' 


MaX'Shesr;  V"  ^fivj  //»>  t),  occurs  at  r^f  support' 

Mment  at  any  point j  Hx  -  ^'(ix-xV-^rf^i  -xt^ 

Max-  Moment; M'  frKZ-t^  2'Jj.  (ApproxJ 
Biastic  Curve  and  Defiect/ans : 

>  B4Bi^^  ^^^  ^t^  i^fii  3     JO  JO*-^ 
Maxi>ef/'iB^^jj'*0-&&SB2  ^"y  X'O-SlfAppro^} 
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4B.BeAM  0veft'HAti6iN6  One 

w  per  ttm't  Ungfh 


t  i        t 


Besm 


Shear 

Mom€nt 
Diagram 

ifastk 
Curv0 


St/PFOj?r  -  Cff/fFOjefif  Load* 

Shear  sfsny  point  t 

Seti¥een  P,  *f /i-  /  l^x-^/'  h'a'/  • 
Between  ^t  a/K/f/?</f  Vx  ^  w(m-Xg) 

Momen  f  sf  any  pain  t: 

Between  >P/^>^;/l5r->f?x,-^«/'x'- 
Between  /?i  ^fn<^;Mx  -  rJP-^^  ''  P 

Hex-  PpsifiveMcmenf;  M"  ^  ;  occurs  when  JCyi. 
Maxf^e^sfh'eMcmenffM  =  •^w^m'^acct/rs^fx'^^f 

flasf/c  Curve  a?^  0eF/ecfd'ons  i 

Befween  Rjd(£rfy'^/ff^(j(f-i%)-wfjcf-I%)] 
Bffi^nl^&ef}djy.^^fv{6m'x!'4mxlt3li^txfHifj(^ 


46-BbAM    OvBJ^HAmM6  0/fB  SUPPORT  'Cff/fC^NTJ^ATf^  l&AP  AT  AN y  PomT- 


£il 


^-^!P- 


^^ 


^--r-X     rrnTn 


Beam 

Shear 
Oiagram 

fkmenf- 
Biagram 

£hstic  Carve 


Shear  af  any  pemt: 

Between J?,^ 8  i^M^Rr,  ketween /}^R^; i^x^PrPi ) 

Between Rt  ^f^',  Kt  ==/h' 
Momen  f  at  any  po/nt : 

Between  PjS/^;  Mx  -P/Xi  - 

Between  F,  ^P^  ;  Mx  "  RjXr  -Pi  (^  ^Xt  - 1) 

Between Ri^Pf  ;  t^x  ^^i^m-x^)  - 


47'Sbam  Ovbr 

w  per  unit  fength 


'tfAtfs/ff6  Both  Supports  -  Utt/FORM  Load* 

Reacthnsz  P,^iflfmH)'n'J;Pt  -gUnHj-m'^ 
Shear  at  any  potnt- : 

Between  /eft  emfS^  P/J  f^x"  wfm  -  jc? 
Between  Ri^  Pr  }Yx  "  ^i  ~^fnt^Xr) 
Between  Rz  Srt'^htendi  l^x''  ^(n-Xs) 
tiaxShear;  y"  t^n?,  or  Pj-wm- 
Homent  at  any  points 

Between  teft end Jt  R, ; Mx  ^iwfm-x^^- 
Between  Rt^  P^  ;  Mx''^*y{n7*-X£)^P/Xg» 
BetweenRz  ^rf^htendiMjc^^wfn-xs,)^'       _ 
t4apf^sittveti9ment;M''R,(-§^~mXoccarsatXr''§-m' 
Maxtte^trve  ti0ments;tf=^  wm'atR/;  tf'jwn^at  Rz 
t^/nts  cfCffntraf/excnr;x0  °f&'/n)tYf&j^i-  ^^f/rt' 


Beam 


Shear 
Piafram 

Moment 
Diagram 

Btastfc 

Ct/rve 


48  BeAti  OvER-ffAH0m6  Both  Supports  -Two  fxTfMWR  Cc/fCftfTRATfn  Loads 


Beam 

Shear 

Piafram 

Mement 
Diagram 

ttastic 
Curye 


Reactions.  Pf=  fi^'^^ tPiiRt^&^^rPz' 
Shear  at  any  paint  •' 

Between  ^ifP,;yx'^  :P,&Pr,  /^  'ft-R,}  Pt^i^,  K*& 

Moment  at  any  points 

Between  Ri^  Pi ;  Mx^P/fnt-x,} 
Between  Rj  ^  Rz  ;  Mx  '^  Pim  t^rPjxz  <■ 
Between  Re  £Pt;  Mx'^  Pefn-Xs) 
Moment  at  RifM'^Pfmi  at  Pr,M=P?n' 
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49'BeAM  FlXE£>  at  0N£  FND  AHO  SuPPORTBO  at  07^i£R-C&NC^HTMT£D  Load  ATANyP0tNT» 


'± 


^ 


f^ 


-H 


^^^ 


r >| 


^; 


M 

1 

III 

1 1 

l^t 


Baam 


Shear 


Sheer  st3ityp«iift:B€twt^l?f&P,y,''Rj;bftrmnPJiI^^¥,''R,-P^ 

Mmentefanypmh^efmenPSPNx^fketmmPJl^Hx'^-Pki 
Max  f^iiivf  Moment :M=P,3,  occurs  under  A?a<f- 
M9X'Ne03fivtMffmenftM=^l~P{l-€if9ccvr93tP/xedend- 
Feiaf  ^Confr^ flexure:  x»  "-^  - 

Eksf/c  Curve  Si  OePkcfhns:    ^ 

3r/wefnJ?,^P;y=^/M,?'A  -  P,x  ^-  5P(7-a)^xJ 
Befmtej}  P^Pr;y=A/P,  rZl'-3?^¥-x^J-3Ps  fZ-^'J 
F&rs-0-4I4lsM3xD€fJ;  A-O-mS^,  ^curs  under  U^. 


r^^' 


Ip  Pis  A  Movme  Load: 

Abso/vfe  Pf}d  Pe^cf/ons: 

Ri 'PfCcct/rs  tvhea  a'0;Pt''P,occvrs  when  a- 1  - 
Abs&fufe  Max/mam  Shears  t 

P^Pieccwstvhe/ia'il3tx-0;^'/^occars  ivherfa^Z,  atx-t- 
Ahse/ofe  Maximum  Momenta " 

Max- Hpmenf  fs  Negative  and  is  M=0*I9ZS PI;  occurs 
at  fixed  end  when  3=0' 3 774^  I' 
Abse/ute  Maximum  I>efiectiffn: 

A^O-COBS WfO^curs under fead when  s^^^/4l' 


Pfome.nt 
Diagram 


Piastic 
Curve 


SO'BSAM  PlXieO  AT  Ofi£  END  AND  SUPPORTED  AT  OTH^J?  -  UNIFOeM  LOAD 
w  per  unit  Jeoath 


nrrrr,. 


^.-^m 


f< — ^l — >1 


Beam 

Shear 

Diagram 

Moment 

Diagram 

flash'cCurve 


fnd Reactions: Pi  =§wl;  R^^^fwl* 

Shear  at  any  point:  ¥jt=w  (gl  -  x)  - 

MaxShear;  i^=gtvZ,eccurs3t  right  supporfM 

Moment  at  any  point:  Mx^wx(fl~ix) 

Max  ihsitiiv  Moment;  M-^  wifoccur33fx*'§'t  • 
Max- Negative  Moment;  M '^»vl;oecvrs  at  r^t  support- 
Point  of  Con  fra  flexure  ;  x^**^  Z- 

Piastic  Cur  ye  and  DePIecf ions  z 

Hsx'Defiection;  A"  0-0054  ^fX=0'4P!Sl' 


5/'B£AH  Pixeo  AT  Ofte  Pno  Support^p  at  OTHep-C&NceNTPATrp  Load  at  C£tfT£R' 


i<-i 


f. 


f? 


mrnTTTJ 


Pi 


--W 


Mx^ 


Beam 


Shear 

Diagram 

Moment 
Diagram 

Eiast/c 
Curve 


EndPeactions:  Pr^P;  Ps'^^P- 

Shear  atanypcint: 

BetmenP,SP,  yx^iP;BehmnPdiPt;¥j^^^P' 
Max- Shear;  H"  ^P,  occurs  at  p£  * 

Moment  at  any  point: 

BetweenP,  JiP;M^^P;SetmrnPdiPt  ;M,  "^PhjiPx- 
Majo/hsifi^e  Moment:  M"^  PZ,  occurs  under  J<wd^ 
MaxNefatiHfMoment:M'-^Pl,occurs  at  fixed  end' 

Piastic  Curve  ^  DefJecf ions  / 

0etweenPjJiP;y=^j  {Sxf~3TV' 
BetwienPSPt;y''^J^Zl^t/SZ'x,-P4lx;fMxi) 
Max  Peffection; A=^&'0095Z ^^; X-0-447P I' 


5i.  B^AM  F/xfP  AT  Both  ^nds~  Uwform  Load- 


w  per  urj/f  /gni^Ni 


R. 


'^mx^V' 


^^. 


nfl 


-^-^ 


M'W,,.^j.lti 


M' 


--v< 


y- 


de3m 

Shear 
Oi^ratn 

Moment 

Efsstic 


Shesraf  any  point  i  k'x'^i'ivl'-tvx' 

Max-  Shear }  V'^wlf  occurs  at  supports* 

Mementat  any  point:  Mx  "  ^"^I'^lx-x^)  • 

Max'JhsifiwMoment'fJ'f'^tvl'iHrcurs  at  center- 
Max'Negafive  Moment;  M'"^  tvlf  ccct/rs  at  supports- 
F0intsofCofffranexureiXp^Q'^iiSlsx;'=O'7SS7Z- 

PiasticCun/e  and  Det^iect ions: 


Shear 
Pisgram 


I 


S3  -B^AM  F/xep  AT  Both  Bnds -  Cohc^htpatbd  Load  at  CsifrtR- 

tndPeacfions:  R,  ^Pe  -  iP- 

Shear  3t  any  point:  y^'iP^    Max- Shear,  K^tF- 

Mementat  any  point: 

Between  F, &F;  M^ 'iF(x-4rl)' 
Setx^eenP^^/^;  Mj,  "^PfiZ-x)- 
Max- f^* five  Moment fM'  ^PZ,occurs  st  center- 
Max-Negative  Moment ;M^^Fl ,  occt/rs  at  supports- 
faints  oF ConfraF/exure; x, -^y  xi'^Z' 

Elastic  Corve  and  DeF/ections  : 
Between  Ri^Piy^  ^fixf§-l)' 
Between  P^Rt;  Symmetricai- 


Mement 
Diagram 


S4'B£AM  Fixed  at  Both  Fnds- 
P 


iP  P  Is 


Etastic 
Ctrrv0 


CoffceifT/?AT&o  Load  at  ahy  FoitiT-  ,  . 
Fnd Reactions: Rj-P  ^^C^;fi,^P  ^^^ 
5hearataBypeiirt:S€fmenP,Afiyj,''F,;BehveenPSiP^-yj,^Ri 

Hax^Shear;V-R,Ft>ra<b}  V^'R^For a;>h' 
Mement  at  any  point:  ^^*  ^e^ 

if^frve  tfaaenfs  atSypperts;  M,=*--P  7>/  Me  *  ^P  ~7»" 
Beh^nRiJiP;  M^  "P^  ^M,  -        \  Hate  that  M,  carries 
Bttmeen P&t^ltix~Rix,-*^MrP(x,-a)  j   a  minus  sign^ 
Max  /ksihveMementi  M'P,a-t-Mii  oca/rs  under  ioad- 
Mexifegative  Moments  occur  at  supports  i  See  ahovf* 
/hiots  eF CentraF/exere;  X0  "J^f  /  -*"#  *  Z-  ^^^. ' 
Elastic  Co  rye  and  BeFiec Fiona  : 

Between  RfXP'.y  ^^ISaZ-Sax-bx]' 
Between P  and R^iy.^^^l^^^^Sal'SaxrhxJ- 
MarUfF/.whenaykiA^^^curs  atX^^- 

Mex^PeF/;^n  a<hA'j§^^^J  accursatX"^ 

A  MOVlfte  LOAP: 

Aheistetfex  Shears,  5*P,occurs  ofRt  when  a  ■^-  atR^  when  a'  I  • 
Ahektetkx-titg^mPhmetit;t^' ^Plj  occurs  whena^jt' 
AkstMeMaitlkgitmtfoeientjMi'^ Pl^ occurs  when  a-^l' 
Ahehdieff9x-^s/tiyeMementiM=  j^PZ;eccurs  when  a^-^l' 
AhoivteMyicPeFiech'fniA^j^^ieceurs  when  9^  ^- 


r 
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J5.  llAXiMUM5HEAR5  A/iDM0MEm5  fil5fMPL£  B^AM5  FOR  liOViNG  COttC^hTRATtD  LOADS, 

Cnterion  for  ti^xf'mum  Shear. 

The  mdxi'mum  she^r  due  to  moving  concentrated /oat/s  will  occur  jt  one  sufiport  when  one 
of  the  loacfsi^^  th^  support  and  will  equal  the  total reectlon.The  load  giving  the  msxtmum 
mutt  l>e  determined  by  trial* 

Criterion  for  Maximum  Moment. 

The  maximum  moment  due  to  moving  concentrated  hads  will  occur  under  one  of  the 

loads  when  that  load  is  as  far  from  one  end  as  the  center  of  gravity  of  all  the  loads  on  the 
beam  is  from  the  other  end.  The  loadgivingt-he  greatest  maximum  must  he  found  by  trial. 

for  beams  Fixedat  one  orbothends  and  carrying  one  had,  see  49and5J,inthis  chapter. 

a.O/felOAD. 

b.  TiVO^QUAL  Loads. 

(F) 

(?)            (?) 

^^ -^1 J              ?^^ 

i /- .- J 

lidx.5hear,    /-O;       Y^P;          atR,. 

Max.  Shear,  /=0;       ¥=  P^pi^  ;  at  R, 

tlax.Moment,  X'U     M=ipi;     at  F. 

Max.lioment,  J(=ki'p;M^pf^'^^!dtl . 
If  a  is  greater  than  0. 586  lone  load  gives  max.  Jliiina, 

1 

c.THREe£QUAL  LOAD5, EQUALLY 5PACeD. 

d.  Four  Equal  Loaos,Equall  y5paC£D. 

(f)       (f)       (?) 

^\                /    /                  i/                   3                 ^    P^ 

\                                            I                                              \ 

L              ^             ->i 

1 

MaM.3hear,       X-aj     V-SP^,  atR, . 

/iaxShean  X-a;     Y'4pi^ :     atR. 

1 

tIaxJIoment,     X'h;   M'P(h-a};at2. 

/l3M.ffcmfr,lJ-j(i-ia);  M-f^-?3*pjaiZ. 

1 

1  fa  is  greyer  than  0.460  2 Jtvoitadi  give  mig.tfiiih  6, 

IFa  iiqreittr  lhanO.?68l,thrfrhadnfnrinii.Hai!nc. 

e.  TwoUneQUAL  Load5, 

F.  Tivo EquALLoAD5ANo0ne5nAucRlMO. 

(f)""o^ 

(^    (?)   m 

R,t^         X              I                              ^>P, 

c;:z::;;:::l j 

^i K.± j^    i        ?^/ 

■ I >i 

Max.3hear,  X'0;           V^P^^J-^;  atR, . 

Ma>.'5ht^.  }('B;V'P^[^(M^(I±^]istR, 

liMflomnt,  XJlt-^lfi'ff^J^fatP. 

M,^Hom.nUJ[j-^];ff  ^^IPa.atl. 

L 

tfax  moment mayoccur For oneloadas  in  a* 

Majr.  moment  may  occur  fortweegualhads  as  in  b. 

^ 

1 

* 

1 

STRESSES   IN  CONTINUOUS  BEAMS. 


54S 


S6-  CoNTmuov5B£4ti5,  UtitroffM  LOADS,  CoNSU/iTtiOMthroFineRm  A/fonmivSOffiAsm/rr, 


^^.    IK"     K\\^I  >fl 


I 


3pan,  [^  L-.^.P^mfAR^ 
Length,  \  I,  \  ii  ' 
$vppcrtt  /  Z  3 

tfomenL,t1t  hi         / 


/7         I  /?//      I  nil 

/^o  f  ^/         j  Kntt 

Mn  ^jt  /Inn      rf„  t1n*i 


Relation  between  moments  at  supports  For  the  n  ^snd(n*/j  -sp^ns. 


OJ 


i 


Shear  toriqht  0Fniif5O/^rLj 
She^ton'qht  oFfn^fJ-si^pport, 

If'  >^ri4rF1n*i,i^     J 

'mt    J *y'^ff^x 

inn         £ 

5bear^  any  point  in  n  ^span 


(c) 


fHi  J 


(d) 


^ear  to  teFt  oFFn*0^  support^ 
j/f:  iin*/-l1n  l^  J  . 

Reaction  at  fnt^J^ support j 

^f,.rC'K>"!  (iloteRrV/)       fe) 


rn 


Foint  oF max.  positive  moment hn^  span, 

(h) 


/-^' 


I 


tloment  at  any  point  in  n  ^spon, 
Maximum  positive  moment  in  nftt span, 

^XPiANATmofFoRMUL  A3 ;n'ftumt>eroF first  span  considered  or  its  teFt  support. 

Oilmen  a  continuoi/5  beam  oFseverxs/ spans  oniformty  LoacMfForsp^s  0ithnokedwO)» 
dppty  formuia(a)  tot- ^nd  2  ~  spans  at  the  teFt  endmahinq  n  -/.  Three  unknown  moments 
appear, Mf,tf^,a/K//ij.  iFbeam is simpty svpportfi^at feftend Li,  '0.  Mext apply Formufa(a) to ?— 
and 3  ^ spans  making  n=  ?.  Again  ttiere  wiftbe  three  onknotvns  /%,  tfj  andti^.  Continue  unti/ 
Last  t»vo  spans  ha^e  been  consideredfnerfr  consider  Last  span  a/one).  /F  beam  is  sk^  svf^orted 
at  right  end,  the  LI  For  ttiot  support  *0.  There  are  nowasmanyequatiorrs  as  there  are  unknoerns 
so  by  solviruf^ttre  moments  at  ail  oFttfe  supports  may  be  Found.  IF  the  beam  is  symmetrical 
asto  Loadinqand  dimensions, tL>ecaLcolatibnsmaybest}ortened  byaquatirtg  moments  whfctt 
are  known^by  inspection^tobe  equal.  Knotting  the  moments  at  the  supporti;the  shear  atony  point, 
tLte  react  ions,  and  the  moment  at  any  point  may  be  calculated.  (R,  -  ¥f'dr}dR  For  last  support 
equabV" For  last  span).  FerFixedends  imagine  the  beam  to  ex  tend  one  span  beyond  the  Fixed 
endandappfytheFbrmu/as,asaboi>e,  equat/'ng  the  Length  and  Load  oF  the  imaqinaryspanto 
zero  and  the  moment  atthe  extreme  end  oFtheimaginary  Span  to  iero.CareshouLdbetaken 
that  shears  and  moments  are  us  edmth  their  proper  siqrr. 

5PtCl4L  CASES; 

For  a  beam  oFequal spans  mth  equal  uniForm  Loads,  FormuLafaj  reduces  to^ 

^o^'^^nH^^n^i'-i^i^i  (See  also  57,oF  this  Chapter.}  (p 

For  a  beam  oF  two  unequal  spans  m'th  unequal  t/nLForm  Loads  and simpLy  supported 
at  the  ends,  fi,*0,Li,'0  and  From  Formula  (a) 

^    to,  J,) 
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57.tl0n£nT5AT5UPf>0RrS:C0tfTm0U5BeAn5,EQa4LSP4ffSAm£mL(JHir0RML0AD5. 


E S a 

^  O  V) 

§  E s s a  ^ 


<                                               10              10  V 

k  iS 2S -K 3 a  fc 

dA  0        -4       -,4        .i  ^  ^  / 


8                                       /^             /y              if2f  ^ 

^  E 2S S ^ — 3 S 3  ^ 

0  -^  -^  -i  ' 

i^  i^  i^  5 


0  5. 


A S S 3 3 3 3 

6  0  ^JL  3  9  S  JL  0  6 

& 3 3 2S 3 3 3 3 

7  0  --^  -^  /^  ^^  IL  /S  0    7 

UZ  i4Z  iJt  /4Z  147  'm  ' 

COEFncittfTS Of  w2^,  where W'/0dd^r wit iengt hand  bkffqthoForteymf.  Eandlconshnt, 
Mai^fmum  positive  moment  in  any  span  can  be  cafculated Prom  rormu/a  56  /. 


SS.  3HeAR5AT5UPP0RrS;C0N7liiU0U5B£AM5,  fQUAl  SPAfiSAnoEQUALUtliFORM LOADS. 


3 a 

3 3 


7  n^       -/  ^.i       A  0  ? 

g  0  8    8  a  \  8 

I  3 tf  3T 3  S 

5  i^  o4       -i^i      -^/i       -^0  ^3 

^'  li  ^'"^10         10'  10        /0'  /O        10'^  V  ^' 

5  E 3 3 3 3  w. 

'- 1  ^''Fb     Ts'^ts     -^^^     >7"/7     -^'^  1  '• 

^  3 3 3 3 3 3  a§ 

^'  '38       TS'JS      'SS'JS       'M'lS      '3S'  38      'S8'^ 

A  3  S  3  3  3  3 

fi  oJL         6}  .Sf      49  .Si        SiJI       KJl        55  .§1      41  Q  s 

'104       'm'  104    l04'104      '/04'J04    '  104 '104       104'  /04    W 

3 3 3 2S 3 3 3 3 

7   oJ^         ^^J^        Q  M         E  Jf         ^i  JZ        70^67         75  J6        §6  n  y 
'     'I4Z       '147' I4Z      l4Z'f4Z      ''f4Z'/4Z      'MZ'i4Z    'l4Z'  I4Z       "Mr/TZ       i4Z'  '  ' 

C0£PFiC/£nT5  OP  w2,  wfiere  w  load  per  unit  length  andZ'tenqth  of  span,   fandl  constant. 
Reactions  at  supports  equaf algebraic  difference  of  shears  to  right  and  left. 


STRESSES   m  CONTINUOUS   BEAMS. 


SR  Cofi7iiiuou5BtA/i5,  ConcemRATtD  lo4p$,  ConsJAmMofim  ofitfCf^riA  4m  l1oDUW50ftL45Ticnr. 


^c     ii^'.    ^^L   t. 


*!i\  '^'/        y'\.C 


Lodd, 


Hd''n^-i  i  i   ^i-^^-i 


^^  ■  i  i 


>./-■ 


#4 


tlomfnt,  fif 


^l 


f« -I-' --.»*c-..-., 

y?      :  mi- 


/<7 


''W    '^ 


f^eldtton  Mween  momeah  at  support  for  n  (^  dpd(n  */f^  spans , 


(d) 


m 


5he^  to  the  right  of  rr^ support , 

*  n 

5hc^  to  nqht  of (mf)^  support. 

Shear  at  any  point  h  ntHspan, 

<J  -^-/^,  i^ttereff^  equals       (f) 
the  sum  of  the  had5  between 
n~  support  ^ point  comid^red. 

Point  of  man.  posfVve  moment  in  n^^pan, 
The  max. positive  moment  occurs 
where  she3r,ds  calculated fromff) 
passes  throi/gh  zero.  Thh point  a 
a/ways  at  one  of  the  toads,  (h) 

ixPLAriAriori  OFfofftiULAS:  (See  under  56,} 


(CJ 


Sheartoleftoffnf/J^sopport, 

ffeactionatfntij^  support, 

f^mrCrCi^oteftrV;)  (€) 

Moment  at  any  point  in  n^span, 

^,;fy,^K;^'ff^Jx-UJl'^t^^re  (qi 
^ f^ fr  k„/J equals t he  sumof the 
moments  of  the  loads,  between 
the n(S^(,pport and tife point  con- 
sidered, about  (tie point 

fia*tmump0s/tit>e  moment  in  the  nWspan, 
4fter  thepointofmaf  posit  ire 
mon?eot  has  be  located a^  de  scribed 
inthf  the  value  of  x  thus  deSermined 
is  substituted iptqi  and tfjfdettrmined. 


SPeCIAL  Casc, 

for  a  beam  of  two  unequai  span  s  with  uneqaat  concentrated  toads  and  wit  if  ends 

-educes  to- 


5imply  supported^  M,  -Q,  ii,  ^0  andformuia(airec 
Af.,-  fW(^.  -k,^hmil(2kz'ikl.kl)] 


iji 


$01  C0i1fmu$us6£Aff5CFTlifOAilO  TftRee  fQilAlSPAffS:  tint  form  load,  y^,  per  mt  length  srhdd^incenter  of  one  span 

A  A a       A         i 5 a        & — — z z a 

ffmeot,       0,       'f/l6,         0.       0.      -  l/lS,      ti/$e,       0,        0.         'I/IO,     tl/iO,       0. 
itaction,     i-7^6,      ^5/9,      -05,    eiysO,  el!^,      -f/lP,      i-l/bO,  e4/lO,    ^mn,    '^0,     ^iM 

a     ^^A  a        z f=^^===% a        il zr-^^i^ a 

fioment^      0,       SflT,       0,       0,        -l/itf,     -1/20,       0,        0.        -i0,     -3/4il,      0, 
Re9ciion,  ell/32,  ^IIM     '3/S2,  -m     ^^M    *¥iV,    'IM    '3/40,  e2Vi0,    ^^V^O.  -3M 

Coeffxients  of wi^and  Pi,  for  moments  at  supports,andoftrtand^  for  reactions  atsopp&rts. 

8y  additionof proper  cases  any  beam  maybe  sohed.  for  shears  andmomenti  bet  ween  supports  3ee^SiS9. 


d 
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PlAOffAfiS. 


OeffCfML  rOffMULAS. 


^^^jVOO^'^^ft^B. 


6i.  ft£CunoviAfi8eAft5:llnif0fted 
Fffrterrsisnonfy. 


%^n 


:  b 


f.2n  ,    k  t    ipp. 


k=  0.579; 

ro.sm;  , 

Ms-IOlSbd^; 
Fs'f6O(f0: 


Stetlrah'o  sad  depth, 
baiiOcedreiiforce/ntett 


6l5LAB5:yalue5ForlT'strip. 
ReinForced Forteoshnonff. 

I    1     1     1—7'  C 


\Fsrn\ 


:  /?' 


k-Y^tp^n^~pn=rKi  j=hjks 
M,^iAjd'-nFfpjd^;_  "t1cr6ikjifii 
F-I1--CL  . 

Stetfr^kanddfpik,bibncedrthfyntneat, 


k=0,379; 
J=0.87S7; 
Ms=i290d^; 
Mc=Ms; 
Fs.^^000; 

fc-eso; 

Stteiratio,€hpihiadsM 
area,  hakneedremFmtmat 
p  =0.0077  ; 
d^OMSYM  ; 
A=0M26lfIT; 


63.  T-BEAM5:f1eghctingf9atpfes9iM 
inWfb.ForF^f»terihinkd^ese67. 


l*^": 


U' 


^"'  Jd  2kd-t ' 

F=J1-JL  •F--JL—F  ■ 
'Ajd'pibd"'^'(l-k)/" 
5teelretio,  bibnttdrei^orcement. 


k-0.379 

^'^  JdOJSSd-t 
M^=l6000pjbd* 

F^=/6000;fc=6S0; 

Steeirst/o,  bahncedremF 
p^M0}(i-lb42t)L- 


64.  R£CrAfimAR8(AM5:f^eiRForced 
Forfe/fsmifldcampressm. 


rd-'A    ;  F.  . 


k=ll(p^p')^n^*i(p*p'r)n-{p^'}n^-j^; 

;_    JkHhikW-rXhrip'n.        '""^ 
^  (t'k)pn 

Ffs=FsJijd'F,pjbd';  M,^^nFcAjd, 
^'AJdpJbd"  ^'  hk  ^''  ^nhk)n^' 


5tee/rM,  b»l»need  remForcemtnt, 


k=0.37$ 

/■  J)04ISf(MfTXl-r)p' 
^^  .004nH.319-r)p' 

Ms  use  general Formttk 

Fs'l6000;F/=mO-2577r; 
Fc'6S0; 

3teelrath,  balanced 
remForcement, 

P'fiMM-L6094r)pHOO77, 


1 
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1 

65  SnCAf?,  Bono  AfiDWeBRcffiFOf^c^Mf fin 

66.  C0LUtiti5:RathoF7en^t7)io7eastividt7i<^ 

i 

h  the  h/hwin^farmufasjd  refers 

Axiat  load  For  gi^enontt  stress. 

1 

to  ^rm  ofreSisiina  coopfe  at  sectthrf  in 
quPslion,dnc/  ^0,hh/7i»nt3rsat  section. 

P=Fc  (4c  tr?^s)  =fiA[7ffn-7)f^ , 

1 

Unit  stress  For  given  ax ia7 7oad, 

1 

5hear  m  Concrete  &  Bond  ^resi  mremtk  Sleet, 

^''^f7.(n-7/pJ^  ^-'^^' 

Rectanqutar Beams,  c-X^,f.  V  . 
(SfngieordsottereMerctd)'  ^'  ''/^' 

7-Beam,,               >f-^>^vfy 

1 

67.  W07?Km6  57Pt55esFo7t  Static  ioAOS(AS.C.F} 

I 

5tirrups,  Jtifrectangutar  beams  and  T-tesms. 

iJ7timdteStrenqtt)sFori7ariou57itj(ti/r€5, 

w 

yerhcd/slirrvp5,P=^;  5--^ 

in  Pounds  per  square  inch 
Aqqreqote                 7:2  4  t2f:5  73:6 

1 

Siirrvps  tndined  4S^(nct  bent  t^  bars) 

Oramte                               2200    7800    7400 
6rare7,77ard7mestoffearsiff4sttae  2000    1600    7500 

I 

SoFtLimestoneorS^odstone        7500    1200    tOOO 

1 

tVor7(inqStress,percent  oFtfttimate  Strenqtt}; 

P^Total  stress  inonesltrrap,  y-aaT^uff/i/ 

^earin^32.5;4jtia7Comp.^2.5;CorrTp.Fiber3trfSs323; 

sbear  not  earned  by  concrete. 

57}ear:7orf^itudm7bh(frf7j,  2.0;P^rt$Fbrsbentup  3.0; 

For  apprdjttmate  resultsj-^  tnformu/as. 

Shear:  ttiorififqt}0ebreinF6.O;Bsnd,brs4.O.  wire  to. 

\ 

€8.  5AFt  LOADS  on  ReifiFO/?C£DConCRFT^  5iA&$i  Fs^f6000,/c^6£0,r?^l5,  M^^^2^ 

74J 

1^ 

ii 

h 

1^ 

Spar?  tn  Feet  For  S^Fe  l/ve  Lbad 
If}  Pounds  per  Squsre  Foot  of  Slab. 
M-j^  *v  I  ^(For  //=■/  vv7  ^muitiply  spar}  fengttf^  byO.  Bi 

AO 
Lb. 

50 
Lb. 

75 
Lb, 

700 
Lb. 

/25 
Lb. 

iSO 
Lb. 

200 
Lb. 

250 
Lb. 

300 
Lb. 

350 
Lb. 

400 
Lb. 

In. 

//?. 

5(fJn. 

Lb, 

i, 

^4 

OM 

33 

8.4 

7.9 

7.D 

63 

5.8 

5.4 

4.8 

43 

4.0 

3.7 

3.6 

3i 

^/i 

0J54 

44 

9.6 

9.3 

83 

73 

6.9 

63 

3.8 

53 

4.9 

43 

43 

4 

0.?77 

50 

704 

9.0 

8.8 

80 

7J 

7.0 

6.2 

57 

53 

4.9 

4.7 

4 

Q3ti 

Sb 

tl.7 

172 

tco 

9.2 

85 

80 

7.1 

6.6 

6.7 

3.7 

54 

5 , 

0.569 

65 

719 

723 

71.2 

703 

9.6 

9.0 

8.f 

74 

6.9 

63 

6.1 

1 

Si 
6 

cm 

0J59 

69 

75 

14.1 
743 

755 
753 

723 
72.7 

7/3 
7/3 

fO.6 
/i.O 

70.0 
704 

9.0 
9.4 

83 
8.6 

7.7 

80 

7.2 

73 

6.8 
7.1 

69.  5AFe  Loads  on  RctuFORceo  ConcR£T£  Sl4B5:F,'/6000,  Fc=660,n-l6,    M'^nl' 

I. 

^1 

\% 

^^ 

SpsffinFeet  For5aFe  Live  toad 

Si 

ll 

1% 

>\ 

in  Founds  per  Square  Foot  oFSIab. 

M^^w2i  (For7^^^w7^muttiptysporp icn^ttfs  by  0,877) 

^^ 

\  \ 

S  ^ 

40 
lb. 

50 

Lb. 

75 
Lb. 

too 

Lb 

t25 
Lb 

150 
Lb 

Lb. 

260 
Lb. 

500 
Lb 

350 
lb. 

400 
Lb, 

in 

In, 

SqM 

Lb. 

3 

^ 

o.m 

33 

9.2 

8.6 

7.6 

6.9 

64 

S.9 

52 

43 

44 

4.7 

5.9 

3/ 

V/ 

0.254 

44 

70.9 

70.2 

9.7 

8.2 

7,6 

1.1 

63 

5.3 

53 

5.0 

4.7 

K 

4 

0.277 

50 

lU 

10.3 

9.6 

8.8 

82 

7.6 

63 

6.2 

5.3 

54 

5J 

1 

4'i 

o.m 

56 

72.3 

72,2 

77,0 

701 

93 

83 

7.9 

7.2 

6.7 

6.2 

5.9 

1 

S 

0.369 

63 

74.1 

733 

72.2 

773 

703 

9.9 

8.9 

8J 

73 

If 

6.7 

1 

Sf 

0.416 

69 

15.5 

74.8 

133 

72.4 

77,6 

709 

9.9 

9J 

8.4 

73 

73 

1 

6 

it 

0.459 

75 

7S.9 

753 

159 

72.9 

72.7 

17.4 

t03 

93 

8.6 

83 

7.8 

L 

■-                 ^ 

i 

M$ 
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Section 

Area 
A 

Nonwntof 
IcertJa 
I 

a' 

'■f 

a* 

IZ 

a» 
6 

^--aZ89a 

f 

a 

■r- 

y 

a' 

y-a 

a* 
5 

a* 
3 

13 

1 
a 

y 

p 

..-a—* 

M 

a'-af 

H 

a'- a' 

a'-a* 
6a 

i¥ 

i 

pa.- 

1- 

Y 

-^T 

a' 

y=|=0.707a 

a* 

12 

3*  =  ail8a' 
6^ 

A.a»,a 

— 

n 1 

4  b- 

T— 

y 

V 

b-d 

y-i 

bd» 
IZ 

bd' 

6 

^=aZ83d 

T 

V 

.  t_ 

bd 

y=ci 

b-d* 
3 

bd' 
3 

|=o.5nd 

r" 

bd-b;Ci, 

v=| 

b-d'-bi-d,' 
IZ 

b-d'-b,d? 
6-d 

1 

»... 

.1. 

JbKl^-bjdf 

VKlW-bidJ 

-%J 

bd 

v-bd 
^"Vb*td' 

b'-d^ 

eib'tdl 

b'-d' 

eVb'+d' 

bd 

velb'td'i 

<\i 

bd 

(Uosatbsntt 

M|d.Wtt.b'-iio'<r] 

bd 

i 

d-Waft^'m 

V       12 

X 

Ife 

i-wnuhm. 

PROPERTIES  OF  SECTIONS. 


Section 


Area 
A 


Distance  froin  Axis 

tofxtfTO.fibers 
V  ar\d  y, 


Moment  of 
Inertia 
I 


Section  Modulus 

=4 


RddiosofCyrdtion 

4 


L 


f 


b-  - 


b-d 
I 


'    5   y-   3 


bd' 
56 


kid' 
?4 


M 


.md 


bid 
Z 


r-d 


b-d^ 


IE 


^-..md 

fb 


b+b, 


V- 


h,ilh  d 
"  b.+b  ■  i 


V.  b+Zb,  d 
y'-bTb/T 


b't4b-b,tbf  ji 


36lbtb 


TffbibT 


«^^^^^^J 


^--b 


i.V 


4 


^=1 


S^=.049d* 
64 


51 


TT[d'-d^ 

.issid'-d!l 


4     jil 


nld'-d! 

64 
.Oi9[d-d3 


nld'-dtl 
lid 

'.098ldJd;M 


YdVd; 


=.i93d' 


9n'-fea.. 
IISZtt 

=.007d* 


9n'-6J   H' 
I3!I3S]' 

=.0Z4d' 


V9Ti'-b4 
l2Tt   ■' 

■=.l5Zd 


!=IB5bd 


n 


c4 


I^=.038b-d' 


Tibd. 


J85bd 


^».049db* 


TTd:b' 
5Z 


-.09Bd-b' 
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Section 


Area 
A 


Dblancesto 
ExtremeFibers 

y  and  y, 


Moment  of 
Inertia 
I 


Section  Modulus 


5= 


Radius  of  Gyration 

4' 


|d-tan30' 
=.866d' 


,_i. 


dHui-L'io') 


4co5'30-- 
=.06d* 


kldiMcoilO') 


6    4co5'50' 


a 


ltZcos'50' 
3  cos' 30° 


|d-tan30' 
=.866ci^ 


y= 


2-CO530 
=  .5ncl 


d'(l+2-co3'50° 


4-cos^50' 
■=.06d* 


dihlcaj^m' 


4  cos  50 
=.104d* 


d,Jtlco5!iO" 
4  II  3co5'30* 

=.264  d. 


Idhinll^' 


=.8Z8d 


yj- 


dWd^m 


4co5«J2f 
=.055d* 


d(I+£co5^2Jr 


6[  4co3E?r 
'  =.l09d* 


i«+2co£ffi; 
K  5co3'f2J 

=.257d 


;■«■' 
th" 


icd 


t: 


b-d-h(b-t) 


rJ  Ll 


y=i 


b-d'-h'(b-b) 


le 


b-d'-h^(b-b) 
6d 


'l?[b-d-h(b-t)l 


-b  ■> 


HSj"—  h  •••15!" 


.t. 


J" 


bd-h(b-t) 


r-i 


12 


2sbVh-l:' 
6b 


Zs-b'th-b' 
12lbd-h(b-t)l 


Th' 
i:J-.i 


bd-h(b-t) 


'    2 


b-d-h'(b-b) 
12 


bd-h'(b-t) 
6d 


bd'-h'(b-b) 
lUbd-h(b-b)l 


H5f*— h"*l51- 
r»---  d— •H 


b-d-h(b-t) 


Mm^ 


''  bd-h(b-l) 
y,=  b-y 


2t^'_^yj 


^ 


td+5(b-b) 


y=i 


bd+s'(b-b) 


12 


bdts'(b-t) 
6d 


LtdWlM) 
Il2[bd+5lb-t)) 


Section 


d    h 


y 

y 


4.-t 

La 


b. 


b : 


rex 


-^t 


;^^^^ 


acnH 


»rr 


i± 


:  * 

!  h 


1. 


I. 


I 

•r 


.™h. 


ip^J[itdfb'M 


Area 
A 


b54ht 


b5ti-(t+t,l 


b5fhUb,5, 


b5+?hUb,5, 


tdtfl){54n') 


idiliiw 


td+b(Mn) 


Distances  from  Axis 
to  Extreme  Fibers 

yandy, 


JUs^(b-t) 

Y=d-^, 


Moment  of  Inertia 
I 


tvVbv^tb-t)(v,-5)^ 
3 


3bsV3kh(dt5UhltrtVh*) 


6A 


y= 


td;ib,-iis,+(t)-t]|f(i-ii5 


y=d-y 


jM5fb,-n!^*[b-i'iI[fci- 


iS 


y,=  d-y 


-lbsVh*(5t+l.)   A z 


\l 


-A(y,-5)' 


1  I    3 


b,y+by:-(brtlfy-5,l-lb-t]M 


b,v^,'-M*-5]5[b-flJ[vrsf 


^[bd>-l(hM')] 


4q 

q^^slopeofflanqe^li-sy-b'^lh-lhlb-lhlfeforslawJardsecliOTS 


y=t 


l[b\d-h).uVi(bif)) 


q=^5lopeoffl4nqf=ln-^hb=(h-l)-lb-l)=4^0T5l30(iafilsfdion5 


q=ilo{ifofiUn()«^W-5)-b'=(b-ll-Z(b-l^!ifwiUniatdiKtior5 


,-[b'5t|+Jb-t)'(bt?H].A 
Y=b-y, 


q-  slopf  of  fbnqf =(n'-5,)^b=  h-lW(b-t)-  '^fwslanikfdsfc 


I[^.b^lt^|(b•-t•)l-^Y,' 


Eadius  of 
Gyration 


f 


f 


ii 


^ 


Moments  of  Forces 
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STRESSES  IN  FRAMED  STRUCTURES. 

Loftds. — ^The  stresses  in  roof  trusses  are  due  to  (i)  the  dead  load,  (2)  the  snow  load,  (3)  the 
wind  load,  and  (4)  concentrated  and  moving  loads.  Data  for  dead  loads,  snow  loads,  wind 
loads,  crane  loads  and  other  loads  to  be  carried  on  trusses  are  given  in  Chapter  I  to  Chapter  IV, 
inclusive.  The  loads  on  roof  trusses  are  commonly  given  as  a  certain  number  of  lb.  per  aq.  ft. 
of  horizontal  projection  of  the  roof.  The  loads  are  assumed  to  be  transferred  to  the  truss  by 
means  of  purlins  acting  as  simple  beams,  the  joint  loads  being  equal  to  the  purlin  reactions. 

Methods  of  Calculation. — ^The  determination  of  the  reactions  of  simple  framed  structures 
usually  requires  the  use  of  the  three  fundamental  equations  of  equilibrium 

Z  horizontal  components  of  forces       »  o  (a) 

Z  vertical  components  of  forces  » o  (6) 

2  moments  of  forces  about  any  point  =  o  (e) 

Having  completely  determined  the  external  forces,  the  internal  stresses  may  be  obtained 

by  cither  equations  (a)  and  (b)  (re&olution),  or  equation  (c)  (moments).    Thetfe  equations  may 

be  solved  by  graphics  or  by  algebra.    There  are,  therefore,  four  methods  of  calculating  stresses: 

T>      I  *•        f  IT  f  Graphic  Method 

Resolution  of  Forces-     -,     ^    •    »#  .1.   j 
,  Algebraic  Method 

Graphic  Method 

Algebraic  Method 

The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  The  method  of  calculating  the  stresses  in  roof  trusses  by  means  of  graphic  resolution 
will  be  explained  in  detail.  For  the  calculation  of  the  stresses  in  roof  trusses  and  other  framed 
structures  by  algebraic  resolution  and  by  algebraic  and  graphic  moments  the  reader  is  referred 
to  the  author's  "  The  Design  of  Steel  Mill  Buildings." 

Graphic  Resolution. — In  Fig.  i  the  reactions  R%  and  Rt  are  found  by  means  of  the  force  and 
equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then  applied 
to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  Z«,  the  forces  arc  shown  In  (c), 
and  the  force  triangle  in  (d).  The  reaction  J?i  is  known  and  acts  up.  the  upper  chord  stress  l-x 
acts  downward  to  the  left,  and  the  lower  chord  stress  i-y  acts  to  the  right,  closing  the  polygon. 
Stress  i-x  is  compression  and  stress  i-y  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
members  in  (c).  The  force  polygon  at  joint  Ui  is  then  constructed  as  in  (/).  Stress  i-x  acting 
toward  joint  Ui  and  load  Pi  acting  downward  are  known,  and  stresses  1-2  and  2-x  are  found  by 
completing  the  polygon.  Stresses  2-x  and  1-2  are  compression.  The  force  polygons  at  joints 
Li  and  Ut  are  constructed,  in  the  order  given,  in  the  same  manner.  The  known  forces  at  any 
joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unknown  forces 
arc  indicated  in  direction  by  single  arrows. 

The  stresses  in  the  members  of  the  right  segment  of  the  truss  are  the  same  as  in  the  left,  and 
the  force  polygons  arc,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons  for 
all  the  joints  of  the  truss  arc  grouped  into  the  stress  diagram  shown  in  (k).  Compression  in  the 
stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines  and  toward 
the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the  ends  of  the 
stress  lines  and  away  from  the  joints,  respectively  The  first  time  a  stress  is  used  a  single  arrow, 
and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction.  The  stress 
diagram  in  {k)  Fig.  i  is  called  a  Maxwell  diagram  or  a  reciprocal  polygon  diagram,  «*.  e„  areas 
in  the  truss  diagram  become  points  in  the  stress  diagram.  The  notation  used  is  known  as  Bow's 
notation.  The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating 
stresses  in  roof  trusses  and  in  simple  framed  structures  with  inclined  chords. 

STRESSES  IN  ROOF  TRUSSES.— The  methods  of  calculating  dead  load,  snow  load,  and 
wind  load  stresses  in  roof  trusses  by  graphic  resolution  will  be  briefly  described. 
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Dead  Load  Stresses. — The  dead  load  is  made  up  of  the  weight  of  the  truss  and  the  roof 
covering,  and  is  usually  considered  as  applied  at  the  panel  points  of  the  upper  chords  in  computing 
stresses  in  roof  trusses.  If  the  purlins  do  not  come  at  the  panel  points,  the  up[>er  chord  will  have 
to  be  designed  for  direct  stress  and  stress  due  to  flexure. 

The  stress  in  a  Kink  truss  due  to  dead  loads  is  calculated  by  graphic  resolution  in  (a)  Fig.  3. 

The  loads  arc  laid  off,  the  reactions  found,  and  the  stresses  calculated  beginning  at  joint  Z-o, 
as  explained  in  Fig.  i.  The  stress  diagram  for  the  right  half  of  the  truss  need  not  be  drawn 
where  the  truss  and  loads  are  symmetrical  as  in  (a)  Fig.  2;  however,  it  gives  a  check  on  the  accuracy 
of  the  work  and  is  well  worth  the  extra  time  required.  The  loads  P\  on  the  abutments  have  no 
effect  on  the  stresses  in  the  truss,  and  may  be  omitted  in  this  solution. 

In  calculating  the  stresses  at  joint  Pi,  the  stresses  in  the  members  3-4,  4-5  and  T-^  are 
unknown,  and  the  solution  appears  to  be  indeterminate.  The  solution  is  easily  made  by  cutting 
out  mcml¥Ts  4-5  and  5-6.  and  replacing  them  with  the  dotted  member  shown.  The  stresses  in 
the  members  in  the  mixlificd  truss  are  now  obtained  up  to  and  including  stresses  6-je  and  6-7. 
Since  the  stresses  6-x  and  fr-7  are  independent  of  the  form  of  the  framework  to  the  left,  as  can 
easily  be  seen  by  cutting  a  section  through  the  members  6-jr,  6-7  and  7->.  the  solution  can  be 
carried  back  and  the  apparent  ambiguity  removed.  The  ambiguity  can  also  be  removed  by  cal- 
culating the  stress  in  j-y  by  algebraic  moments  and  substituting  it  in  the  stress  diagram.  It  will 
be  noted  that  all  top  chord  members  are  in  compression  and  all  bottom  chord  members  arc  in 
tension. 

Snow  Load  Stresses. — Large  snow  storms  nearly  always  occur  in  still  weather,  and  the 
maximum  snow  load  will  then-fore  lie  a  unifurmly  distributed  load.     A  ht-avy  wind  may  follow 
sleet  storm  and  a  snow  load  equal  to  the  minimum  given  in  fi  19,  "  S|)ecifications  for  Steel  Fra 
Buildings."  Cliapter  I,  should  be  considered  as  acting  at  the  same  time  as  the  wind  load.     The 
stresses  due  to  snow  load  are  found  in  the  same  manner  as  the  Head  load  stresses. 

Wind  Load  Stresses. — The  stresses  in  trusses  due  to  wind  load  will  depend  ui>on  the  direction 
and  intensity  of  the  wind,  and  the  condition  of  the  end  supports.  The  wind  is  commonly  con- 
sidered as  acting  horizontally,  and  the  normal  component,  as  determined  by  one  of  the  formulas 
in  I  JO,  "  Specifications  for  Steel  Frame  Buildings,"  Chapter  I,  is  taken. 

The  ends  of  the  truss  may  (i)  be  rigidly  fixed  to  the  abutment  walls,  (2)  be  equally  free  to 
move,  or  (3)  may  have  one  end  fixed  and  the  other  end  on  rollers.  When  both  ends  of  the  truss 
arc  rigidly  fixed  to  the  abutment  walls  (l)  the  reactions  are  parallel  to  each  other  and  to  the 
resultant  of  the  external  loads;  where  both  ends  of  the  truss  are  wpially  free  to  move  (2)  tlio 
horizontal  components  of  the  reactions  are  equal;  and  where  one  end  is  fixed  and  the  other  end 
is  on  frictionless  rollers  (3)  the  reaction  at  the  roller  end  will  always  be  vertical.  Either  case  (l) 
or  case  (3)  is  commonly  assumed  in  calcuUting  wind  load  stresses  in  trusses.  Case  (2)  is  the  con- 
dition in  a  portal  or  a  framed  bent.  The  vertical  components  of  the  reactions  arc  independent  of 
the  condition  of  the  ends. 

Wind  Load  Stresses:  No  Rollers. — ^Thc  stresses  due  to  a  normal  wind  load,  in  a  Fink  trustt 
with  lioth  ends  fixed  to  rigid  walls,  are  calculated  by  graphic  resolution  in  ib)  Fig.  2.  The  rea^ 
lions  an.*parallcl  and  their  sum  equals  the  sum  of  the  external  loads;  they  are  found  by  means 
force  and  cc|uilibrium  polygons.  To  calculate  the  reactions,  Uiy  o(T  the  loads  F\,  Ft,  Pj,  Pi,  P%, 
as  sho«rn,  and  select  the  pole  O  at  any  convenient  point.  Then  at  a  point  on  line  of  action  of  Pi 
in  the  tnisa  diagram,  draw  strings  parallel  to  the  rays  drawn  thrrjugh  the  ends  of  Pi  in  the  foree 
polygon.  The  string  drawn  parallel  to  the  ray  common  to  forces  P\  and  P\  in  the  force  [KDlygon 
will  cut  the  force  Pr  in  the  trvsa  diagram.  Through  this  point  draw  a  string  jiarallel  to  the  ray 
common  to  forces  P\  and  /*i  in  the  force  polygon,  and  so  on  until  the  strings  drawn  parallel  to 
the  outside  rays  meet  on  the  resultant  of  all  the  loads.  The  closing  line  of  the  force  polygon 
connects  the  two  pf>ints  on  the  reactions.  Thn»ugh  ix>int  O  in  the  force  polygon  draw  line  0~Y 
parallel  to  the  cirning  line  in  the  et|uilibnum  polygon,  R\  and  Ri  are  the  reactions,  as  shown. 

The  stress  diagnim  is  construrted  in  the  same  manner  as  that  for  dead  loads.  Hea\^  lines 
in  truss  and  stre&s  diagram  indicate  compression,  and  light  lines  indicate  tension. 
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The  ambiguity  at  joint  /*!  is  removed  by  means  of  the  dotted  mcmljcr,  as  in  the  rase  of  the 
dead  load  stress  diagram.  It  will  be  seen  that  there  are  no  strcbses  in  the  dotted  web  members 
in  the  right  segment  of  the  truss.  It  is  necessary  to  carry  the  solution  entirely  through  the 
truss,  beginning  at  the  left  reaction  and  checking  up  at  the  right  reaction.  It  will  be  seen  that 
the  Icxad  Px  has  no  efTcrt  on  the  stresses  in  the  truss  in  this  case,  the  left  reaction  being  simply 
reduced  if  Pi  is  omitted. 
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Wind  Load  Stresses:  Rollers. — Trusses  longer  than  70  ft.  are  usually  fixed  at  one  end,  and 
arc  Riipportc<l  on  rollers  at  the  other  end.  The  reaction  at  the  roller  end  is  then  vertical — the  hnri- 
zontaL  cum|>onent  of  the  external  wind  force  l>eing  all  taken  by  the  fixed  end.  The  wind  may 
come  on  either  side  of  the  truss,  giving  rise  to  two  conditions:  (l)  rollers  leeward  and  {2)  rollers 
windward,  each  requiring  a  separate  solution. 

RollfTS  Lfcward. — The  wind  load  stresses  in  a  triangular  Pratt  truss  with  rollers  under  the 
leeward  side  are  calculated  by  graphic  rty«ilution  in  {c.)  Kig.  2, 

The  reactions  in  (c)  Fig.  2  were  first  determined  by  means  of  fwce  and  c(|uiHbrium  polygons, 
on  the  assumpti«>n  that  ihcy  were  parallel  to  each  other  and  to  the  rettultant  of  the  external  loads. 
Then  since  the  R'action  at  the  roller  end  is  vertical  and  the  horizontal  component  at  the  fixed  end 
is  equal  to  the  horizontal  component  of  the  external  wind  forces,  the  true  reactions  were  obtained 
by  closing  the  force  polygon. 

In  order  that  the  truss  be  in  equilibrium  under  the  action  of  the  three  external  forces,  Ru  R% 
and  the  resulUirit  of  the  vntid  loads,  the  three  external  forces  must  mc*'t  in  a  point  if  produced. 
This  furnishes  a  method  for  dttermifiin^  the  rt.'actions,  where  the  direction  and  Une  of  action  of 
one  and  a  pf>int  in  the  Une  of  action  of  the  other  are  known,  providing  the  point  of  intersection 
of  the  three  forces  comes  within  the  limits  of  the  drawing  b«jard. 

The  stress  diagram  is  constructed  in  the  same  way  as  the  stress  iliagram  for  dead  loads. 
It  will  I»e  seen  that  the  load  Py  has  no  u/fect  on  the  stresses  in  the  truss  in  this  case.  Heavy  lines 
in  truss  and  stress  diagram  indicate  compression,  and  light  lines  indicate  tension. 

Rollers  Windward. — The  wind  load  stresses  in  the  same  triangular  Pratt  truss  as  shown  in 
(c)  Fig.  3,  with  rollers  under  the  windward  iide  of  the  truss  arc  calculated  by  graphic  resolution 
in  {d)  Fig.  2. 

The  true  reactions  were  determined  directly  by  means  of  force  and  equilibrium  polygons. 
The  direction  of  the  reaction  R\  is  known  to  be  vertical,  but  the  dlreriion  of  the  reaction  J?i  is 
unknown,  the  only  known  fM)int  in  its  line  of  action  Ix-ing  the  right  abutment.  The  e(|uilibrium 
polygon  is  drawn  to  pass  through  the  right  abutment  and  the  dirrction  of  the  right  reaction  is 
determined  by  connecting  the  point  of  intersection  of  the  vertical  reajction  Ri  and  the  line  drawn 
through  0  |>arallcl  to  the  closing  line  of  the  equilibrium  polygon,  with  the  lower  enri  of  the  load  line. 
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^Ar«  tb^  vin^^^  ruvmpr^fKfltJi  of  cBe  rcartsoos  arc  mriepeadeixc  fif  die  <'»MMfirMMMi  of  tbe  endis 
^4  'h^  i|r<i4*,  the  v^rrir^  •wmpMifmu  of  riwe  rvactirjiia  m  c  aad  ^  Fi^  3  ace  tbe  amc  It  wiQ 
\^.  «^n  rtwM  fh^  {TiO'i  f*-,  ^^Aucta  ^wtm  ia  tine  metnhera  of  die  cnm  vick  vnSitn  windward.  U 
fh<»Hrw'/4i'^*frfkof  ^Hrof^h^ivtiK^iac  /*<,  die  lr>wer  chord  'U  die  tn—  wiH  be  m  i.  tmi^v  winn, 

jimJK»9    IV    A    -nUlfSTE&SE    KBT.— A  tranavcne  bets  ia  a  soei  mS  bmkfins 

f//nmtif^  f4  a  r^x/  trnsM  vipftrjCterf  at  tfie  earb  on  oUcunaa  aziai  brscxd  agafrwr  kagxtacfiBal  move- 
m^Af  by  m^^ifM  ''^f  kiwe  firac«*.  Fij{,  .v  The  endfl  of  die  columns  may  be  fixed  at  the  base  or 
ftM/  \^.  U*^.  Uf  f  urn  ''ptfv-omfwctJtH;.  Tbe  acrc«es  in  a  transverse  bcxu  aie  arariraffy  indeterainate 
»n«1  fAnw^.  \^.  rjiU.ulit^  wtthriut  takinfi:  in  i^xoam.  tht  deformaxioos  of  die  mrmhrts  diemscHes. 
Tt^  UAUmintc  ap^'-zximate  metbrxi,  pro^jsed  by  die  aodior  in  die  first  cdxtioo  of  "  Tbe  De- 
«fflfn  'i^  V/^i  MiU  Buildintcs/'  fy^  gsvn  (>auit»  that  are  apprtttimately  oocrect,  are  on  the  safe 
MfUr,  awl  i«  rh':  m^thfA  nfm  med  in  practice. 

DMid  tad  Soflir  IxMd  Strewed — ^Tbe  ftnamn  due  to  dead  and  saow  loads  in  trusses  of  a 
trstnnvffv.  f^nf  are  r^lculated  the  lame  as  though  tbe  trusses  were  snpported  on  solid  waDsL 

Wind  Lo«d  SCTMce*. — The  external  wind  loads  may  be  taken  (i)  as  boriaoota]  or  (3)  as  norma! 
U0  th*"  %ufiAtjr..  The  tjA%tmr)A  will  be  assumed  to  be  pin-connected  at  the  tops  and  to  be  either  pin- 
timwr^fA  in  h%fA  at  the  fjafle.  U  will  be  assumed  that  the  borixontal  reactions  at  the  foot  of 
tb«r  tit\\%mx\%  Aff.  t:i\wA  to  each  other,  and  equal  to  one-half  of  the  horizontal  component  of  the 
rxli^nal  wiml  UnvU  It  is  also  assumed  that  the  truss  <loes  not  change  its  length,  and  that  the 
lU'iUH-.tUtn  iA  the  c/lumns  at  the  top  of  the  columns  and  at  the  foot  of  the  knee  brace  are  equal. 

It  tn  tthown  in  "  The  l>f;sign  fA  Steel  Mill  Buildings  "  that  when  the  columns  are  fiiaed  at 
till'  Imw  thr  (Mrint  f4  contra-flcxurc  comes  at  a  distance  of  from  |  to  i  of  the  distance  from  the 
itMd  tA  th<;  ryflumn  to  the  frjot  of  the  knee  brace.  It  is  usually  assumed  that  the  point  of  contra- 
(U'xufp.  Is  lof-atcd  at  a  |x;tnt  in  the  column  one-half  the  distance  from  the  foot  of  the  column  to 
(hi-  ittfit  fA  th«;  km-e  tfrare.  If  A  -•  height  of  the  column,  d  =  height  from  the  base  of  the  column 
lo  tin*  f*nti  *A  the  knee  brace,  then  the  distance  from  the  base  oH  the  column  to  tbe  point  of  contra- 
MfKurr  will  be 

d  (d  +  2*)  ,  . 

Thr*  nilculation  of  the  wind  HtrofMes  in  a  transverse  bent  with  a  monitor  ventilator  is  shown  in 
I'IK'  .1'  'Ml**  iK'iit  H  art*  HjKircfl  33  ft.  centers  and  arc  designed  for  a  hori»}ntal  wind  load  of  20  lb.  per 
m\,  fl.,  ihi*  nortnat  wind  load  Iwing  calculated  by  Mutton's  formula,  Fig.  3,  Chapter  I.  The  point 
of  conlra-llcxunr  is  found  by  subittituting  in  e^iuation  (4)  to  be 


2    \6i  +  42-5/ 


Till'  rxlrrnal  fon*f«  arc*  calculatwl  for  the  l)cnt  above  the  point  of  contra-flcxure  by  multiplying 
thr  art'ti  Htrpixirtrcl  a(  the  |>oint  by  the  intensity  t>f  the  wind  pressure.  For  example,  the  load  at 
/*  U  .W'  X  0.75'  X  io  lb.  -  4320  II). 

Till'  liiio  of  application  and  the  amount  of  the  external  wind  load,  ZW^  is  found  by  means 
(if  a  fotiv  anil  an  oiiuilibrium  iMtlyKon.  ZW  acts  through  the  intersection  of  the  strings  parallel 
to  Ihr  itiVH  ('  H  and  (>  (',  and  iKeiiual  to  C-B  (line  C~B  is  not  drawn  in  force  polygon)  in  amount. 
The  iTuriiiMin  K  and  R'  may  he  calcuiatiMl  graphically  as  follows.- — Lay  off  the  total  wind  load 
Sir  BO  thai  it  will  Ik>  hijuM'twl  by  |»oint  A  in  Fig.  3.  Perpendiculars  dropped  from  the  ends  of 
liMit  linr  rir  lo  the  dottiHl  lines  A  B  and  A  C  will  giw  V  »  12,800  lb.,  and  V  -  700  lb.,  re^wc- 
tlvelv.      Then  Kami  /C' atv  caloulatinl  as  shown. 

The  raliulatittn  of  utreHNcs  is  U^gun  at  {xnnt  B  in  the  ^-indward  column,  and  in  the  stress 
iliaKKtMi  the  HttvuM^i*  at  H  an*  found  by  drawing  the  force  polygon  o-B-v4-*-a,  The  remaining 
uttrwu'N  atv  r,ileulaie<l  as  for  a  simple  truss.  In  calculating  the  stresses  tn  the  ventilator  it  was 
aoMtnneit  that  dtapMials  9-iu  and  U>-I2  are  tension  members,  so  that  9-X0  will  not  be  in  actioQ 
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when  the  wind  is  acting  as  showo.     Before  feolving  the  stresses  at  the  joint  6-7-9  il  wa*  oaxssAry 

to  calculate  the  stresses  in  members  i-ri,  lo-ii  and  9-A.     The  rrmaindcr  of  the  solution  ofTcra 
ao  difficulty  to  one  familiar  with  the  principles  of  graphic  statics. 
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The  stress  in  post  b-a  is  equal  to  V*.  while  the  stress  in  \~c  is  found  by  extending  i-c  to  i^ 
in  the  stress  diagram,  c'  being  a  point  on  the  load  line.  The  stress  in  post  n-A  is  equal  to  V, 
while  the  stress  in  19-ffi  is  found  by  extending  19-m  to  m'  in  the  stress  diagram,  m'  being  a  point 
on  the  horizontal  line  drawn  through  C.  The  kind  of  stress  in  the  different  members  is  shown 
by  the  weight  of  lines  in  the  l)cnt  and  strcte  diagrams. 

For  a  detailed  discussion  of  the  calculations  of  the  stresses  in  a  transverse  bcnt»  see  "  The 
Design  of  Stet-I  Mill  lUiildings." 

STRESSES    IN    BRIDGE    TRUSSES.— The  stresses  in  bridge  trusses  may  be  calculated 
by  applying  the  condition  cquationtt  for  equilibrium  for  translation,  resolution;  or  by  applying 
the  condition  equation  fnr  equilibrium  for  rotation,  moments.     Both  resolution  and  moments  majr 
be  calrulati.*d  algebraically  or  gmphirally,  giving  four  nu'lhods  for  calculation  the  same  as  for' 
fDof  trusses. 

■f«««mtim  Strenes. — The  criteria  for  loading  a  truss  or  beam  for  niaximum  and  minimum 
given  on  (age  160,  Chapter  IV. 

Problems. — The  methods  of  calculating  the  strrsws  in  bridge  truaocs  are  shown  by  several 
>U:nta  ukcn  from  the  author's  "  The  Design  of  Highway  Bridges.*' 
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Problem  ^     Dead  Load  Stresses  in  a  Cavkl-back  Truss  by  Graphic  Resolutiok. 

(a)  Problem. — ("tivcn  a  Camrl-huick  (inclined  Pratt)  truss,  Rp;in  i6ci'  o",  panel  length  20'  o", 
deota  at  the  hip  25'  o",  depth  at  the  center  3a'  o",  dead  load  400  lb.  per  lineal  foot  per  truss. 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  1"  =  25' o".  Scale  of 
loads,  i"  =  10,000  lb. 

(b)  Methods. — The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  rcsoJution,  beginning  at  Ri  and  checking  up  at  /?». 
Follow  the  onicr  given  in  the  stress  diagram. 

(c)  Results. —  The  lop  chord  is  in  compression  and  the  bottom  chord  is  in  tension.  All 
inclined  web  memlx^rs  arc  in  tension;  while  part  of  the  posts  are  in  compression  and  part  are  in 
tension.     Member  1-2  Is  simply  a  hanger  and  is  always  in  tension. 


I 


Problem  2.     Dead  Load  Stresses  in  a  Peut  Truss  by  Graphic  Resolution. 

(a)  Problem. — Giwn  a  Putit  truss,  sjxin  350'  o",  panel  lenj^th  25'  o."  depth  at  hip  50'  o", 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load 
strcs^ies  by  graphic  resulution.     Scale  of  truss,  i"  =  50'  o".     Scale  of  loads,  l"  =  45  tons. 

(6)  Methods. — The  load's  beginning  with  the  first  load  on  the  left  are  laid  (iff  from  the  top 
downwards.  Calculate  ^i  and  R3.  Calculate  the  stresses  in  the  members  at  the  left  reaction 
by  constructing  force  trian?lo  i-Y~X,  Then  calculate  the  stress  in  l-'2  by  constructing  polygon 
K-1-2-K.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  Hi  where  there 
appears  to  be  an  ambiguity,  stress  4,-5  being  unknown.  To  remove  the  ambiguity  proceed  as 
follows:  At  \\\  on  the  left  side  of  tne  stress  diagram  assume  that  Wa  is  the  stress  in  5-6  (the 
member  5-6  is  amply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  4-5  by 
completing  the  triangle  of  stresses  in  the  auxiliary'  members.  The  stres.«ea  arc  now  all  known 
at  Wa  except  3-4  anl  5-K,  but  the  stress  in  4-^  is  Iwtween  the  two  unknown  stresses.  First 
complete  the  force  polygon  2-3-4-5'- K-K-2.  Then  by  changing  the  order  the  true  polygon 
2— 3-4-5- K- K-2  may  be  drawn.  This  solution  Is  somrtimcis  called  the  method  of  sliding  in  a 
member.  The  apparent  ambiguity  at  joint  W*  may  be  removed  in  the  same  manner.  The  stress 
diagram  is  carried  throu:^h  as  shown  and  finally  checked  up  at  Rt.  It  will  be  seen  that  there  is 
no  apparent  ambiguity  on  the  right  side  of  the  truss. 

(c)  Results. — It  will  be  seea  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  trusB 
with  subtlivided  panels.  The  auxiliary  members  are  commonly  tension  members  in  all  except 
the  end  primary  panels  as  in  the  Baltimore  truss  in  Problc-m  6.  It  will  be  seen  that  the  stresses 
in  the  first  four  paneU  of  the  lower  chord  are  the  same.  The  loa<Is  in  this  type  of  Petit  truss  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 


Problem  3.    Maximum  and  Minimum  Stresses  in  a  Wasben  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  f(x)t  per  truss,  live  load  1,600  lb.  per  lineal  ft>ot  per  truss.  Calculate  the 
maximum  and  minimum  stn;sscs  in  the  members  due  to  dead  and  live  loads  by  algebraic  reso- 
lution.    Sciile  of  truss  a-s  shown. 

{b)  Methods. — Dead  Load  Stresses. — Beginning  at  the  left  end  the  left  reaction  is  R\  ■«  3I U' 
The  shear  in  the  first  (>anul  is  5ill^.  in  the  second  panel  is  3\XV.  in  the  third  panel  is  \W,  and 
in  the  fourth  panel  is  ^W.  Now  resolving  at  ^1  the  stn^ss  in  i-V  -  —  3iH^tan  6,  stress  l-X 
=■  +3il^'Socfl.  Cut  members  i-K.  1-2  and  2--Y  and  the  truss  to  the  right  by  a  plane  and 
e(|ua(e  the  horizontal  components  of  the  stresses  in  the  meml>crs.  The  unknown  stn-ss  3~X 
will  equal  the  sum  nf  the  horizontal  components  of  the  stresses  in  I-Kan<l  1-2  with  sign  changed. 
^  _  (_3J  _3i)H^.tan*  =  +7"^  tanO.  The  stress  in  3-r  »  -(7  +  aJ)*^'  tan  9  «  - 
i)\W'tan$.  Stress  in  4-X  =  —  (- gj  —  2i)tK-tan  9  »  +  lalVlan  »:  stress  in  5-r  «  - 
(+  12  +  ii)Tr.ianff  =»  +  i3H^-tan^:  and  the  stress  in  6--Y  =  -  (-  13!  -  iJllV-tane  « 
+  l5lK-tanff;  etc.  The  coefficients  of  the  choni  stresses  when  multiplied  by  W  tan  9  give 
the  stresse*.  while  the  coeffiincnta  for  the  weba  when  multiplied  by  H'-scc  0  give  the  wvb 
stresses. 

Live  Load  Stresses. — Chord  Stresses — The  maximum  chord  stresses  occur  when  the  joints 

all  loaded,  and  the  chord  coefficients  are  found  as  for  dead  loads.  The  minimum  live  load 
•sses  in  the  chords  occur  when  none  of  the  joints  are  loaded,  and  are  zero  for  each  member. 

Wrh  Siresirs. — The  maximum  web  stresses  in  any  {>anel  occur  when  the  longer  segment  into 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it.  The 
minimum  live  load  web  stresses  ix-cur  when  the  shorter  segment  is  loaded  and  the  longer  segment 
has  no  loads  on  it.     The  maximum  strest»es  in  members  l~X  and  [-2  occur  when  the  truss  is  fully 
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loaded.  The  shear  in  the  panel  is3JP,  or  V^'t^n^l  *'>c  stress  in  J-X  -  3|P-sec  fl  *=  +  125,400 
lb.,  while  the  stress  in  1-2  =  —  3ji'*secff  =  —  125,4001b.  The  minimum  stresses  in  i-X  and 
1-2  are  zero.  The  maximum  stresses  in  2-3  and  3-4  occur  when  6  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
to  the  kit  rearticm.  =  ^i  -  {6  X  3J  X  P)iB  -  V  ^-  The  stress  in  2-3  =  V^'sec  ^  = 
+  94,080  111.,  while  the  stress  in  3-4  =  —  V^'sec  9  =  —  94,080  lb.  The  minimum  stresses 
in  2-3  and  3-.^  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding 
panel  on  the  right  of  the  truss,  if  the  shorter  segment  is  lf>aded,  the  left  reaction  =  iP  •=  the 
shear  in  the  panel.  The  minimum  .stress  in  2-3  =  —  IP-secff  =  —4,480  lb.,  while  the 
minimum  stress  in  3-4  =»  +  4.480  lb.  The  stresses  in  the  rcmatning  panels  arc  calculated  in  the 
same  manmrr.  The  maximum  chord  strcssejt  are  equal  to  the  sum  ofthe  dead  and  li\e  U»iid  chord 
stresses.  The  minimum  chord  stresses  arc  the  dear!  load  rhorrl  stresses.  The  maximum  wib 
stresses  arc  equal  to  the  sum  of  the  dead  and  the  maximum  live  load  web  stresses.  The  minimum 
web  stresses  arc  equal  tu  the  algebraic  sum  of  the  dead  load  stresses  and  the  minimum  live  load 
stresses. 

(c)  Results. — The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tension  to  com- 
pression, or  the  reverse.     These  members  must  be  countcrbraced  to  take  both  kinds  of  stress. 

Problem  4.    MAjuuim  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  leneth  20'  o",  depth  24'  o",  dead, 
load  BiXi  lb.  i>or  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  i^er  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  r"  =  20'  o". 

(b)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefficients  and  the  dead  l'»ad  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  ami  minimum  stresses  due  to  dead  and  live 
toad^.  The  maximum  chonl  stresses  arc  the  sums  of  the  flead  and  live  load  chorrl  stresses,  while 
the  minimum  chor*l  stresses  are  those  due  to  dead  loail  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  »tr?si»  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
The  conditions  for  maximum  and  minimum  stresses  in  the  webs  art*  the  same  as  for  the  Warren 
truss,  the  vertical  posts  having  stresses  equal  to  the  vertical  components  of  the  stresses  in  the 
inclined  web  members  meeting  them  on  the  unloaded  (top)  chord. 

(c)  Results. — There  is  no  dead  load  shear  in  the  middle  pnnel.  but  it  is  seen  that  there  are 
stresses  in  the  counters  for  live  loads.  Only  one  of  the  counters  will  Iw  in  artion  at  one  time 
Whenever  the  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  1,  3,  ft,  10,  15,  21,  as  for  the  Warren 
truss.  This  shows  that  the  maximum  and  minimum  web  stresses  are  proportiotial  to  the  ordinatcs 
to  a  parabola. 

Problem  5.    Maximum  and  Mimmvm  Stresses  in  a  Deck  Baltimore  Truss  by  Algebraic 

Reh>lution. 

(«)  Problem. — Given  a  deck  Baltimore  truss,  span  280'  o",  panel  length  20'  o",  depth 
40'  o  '.  dear!  |(»ad  0.375  tons  per  lineal  foot  per  truss.  live  l<jad  0.625  tons  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresBcs  due  to  dead  and  live  loads  by  algebraic  resolution. 

(ft)  Methods. — <'onstruct  thre<'  truss  diagrams  and  use  them  as  shown. 

Pead  Load  Stresses. — The  auxiliary  struts  1-2,  5-^,  9-10,  etc.,  carrj*  a  full  dead  load  com- 
preasiein,  while  the  auxiliary  web  memlK-rs  2-3,  6-7,  lo-ii,  etc.,  have  a  tensile  stress  of  JlV-sec  9. 
The  strew  in  i-Y  et^uals  the  shear  in  the  p;inel  multiplieil  by  sec  fl  =  —  6j  H'-sec  tf.  The  stress 
in  3-K  e<|uals  the  shear  in  the  nanel  multipliwl  by  sec  B,  plus  the  inclined  comjwnent  of  the  one- 
half  load  that  is  carried  toward  the  center  by  the  auxiliary  member  2-3,  =  —  (5J  +  Dlf-scc  9 
-  —  fiir-vctf.  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  3-K  =  +  BIV. 
The  Btrc?»s  in  4-K  is  the  horizontal  comiKinent  of  the  stress  in  3-K  =  —  6ir-tan  0.  The  stress 
in  I-.V  and  2~X  =  +  6iir*tan  9.  The  stress  in  4-5  is  the  inclined  com(x>nent  of  the  shear  in 
the  panel  =  -^\\V'9ccO.  The  stn-ss  in  5-X  =■  -  (- 6  -  4|)n'-tan  ff  -  +  lojtrtan  fl. 
The  remaining  dead  load  stresses  are  calculated  in  a  similar  manner. 

/-Ill*  L^ad  Web  Stresses. — The  maximum  shears  in  the  different  paneb  occur  when  the  longer 
segment  of  the  tru^w  is  loarfeil,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
irif^  i»  l'»adefl.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a 
full  live  load  on  the  bridge.  The  maximum  shear  in  the  third  )winet  »x*curs  with  all  loads  to  the 
right  of  the  panel  and  no  loads  to  the  left.  The  shear  in  the  iwnel  will  then  be  equal  to  the  left 
reattiun    -MX  Un  +  1)^/14  ■  UP'     The    maximum    live   load    stress   in    4-5  will  be  » 
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set 
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external  fcjrcc  acting  from  the  outside  toward  the  cut  section,  and  UiLt  X  707  +  i?i  X  60 
—  IT  X  80  -  o.  Now  Ri  =  6  tons  and  (i^  =  3  tons,  and  UiL,  X  70.7  =  —  120  ft.-tons,  and 
stress  UfLt  —  —  1.70  tons.     The  other  dead  U»ad  stresses  are  calculate<l  as  shown. 

Liffc  Load  Stresses. — The  Uvc  load  chord  stresses  arc  equal  to  the  dead  load  chord  stresses 
multiplieil  by  6/3.  The  maximum  stress  in  UiLt  will  occur  with  loads  at  Li,  Li',  and  L\,  white 
the  maximum  stre&s  in  counter  VtLi  will  occur  with  a  load  at  L\  only.  The  maximum  tension 
in  U\L%  will  occur  with  all  the  l!\'c  loads  on  the  bridge,  while  the  maximum  compression  will 
occur  when  there  is  a  maximum  stress  in  the  counter  UjLi,  loads  at  Lt  and  Li'.  The  details 
of  the  solution  arc  shown  in  the  problem. 

(c)  Results. — The  stress  in  the  counter  UsLj  and  the  chords  UjUt  and  LtL^'  may  be 
calculated  by  the  method  of  cocffiricnls,  and  will  be  the  same  as  for  a  truss  with  parallel  chords 
having  a  depth  of  25'  o".  The  maximum  stress  in  UtLi  will  occur  with  loads  Li'  and  Z,/  on  the 
bridge,  when  the  left  reaction  equals  2  X  3^/5  =  ^i*.  The  stress  in  UiLi  =  —  ^P-scc 
»  —  6.15  tons. 


PROBLBN   8. 


Maximum  and  Miniuum  Stresses  in  a  Through  Warren  Truss  by 
Graphic  Moments. 

(a)  Problem. — Given 

J' 


a  through   Warren  truss,  span   140'  o",  panel  length  20'  o",  depth 
ao*  o".  dead  hud  $00  lb.  per  lineal  foot  per  truss,  liw  load  1.200  lb.  per  lineal  foot  per  truss. 
I  jCftlculate  the  maximum  and  minimum  stresses  by  graphic  moments.     Sc^e  of  truss,  i"  —  20'  o". 
'^Calc  of  khids,  1"  =  50,000  II). 

^^ft)  Methtxls.  Chord  Slrejses. — Calculate  the  center  ordinate  of  the  paraliola  «  wl?l^ 
^^poo  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  uff  the  vertical  line  I-5  at  the 
left  and  right  abutments.  Make  1-2  *  2-3  —  3-4  «  2  (4-5).  Draw  the  inclined  lines  1-5, 
*"5"  3~5'  4~5'  5~5'  T^he  intersections  of  thc*se  lines  with  verticals  let  drop  from  the  lower  chord 
points  are  [xiints  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stn^sses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  di^igram. 

Web  Stresses. — At  the  distance  of  a  panel  to  the  left  of  the  hft  abutment  lay  off  the  vertical 
line  1-8  eoual  to  one-half  the  total  live  load  on  the  tru&s,  to  the  prescribed  scale,  equal  1,200  X  70 
—  84,000  lbs.  Now  divide  the  line  1-6  into  as  many  equal  parts  as  thenr  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4,  etc.  Connect  these  points  of  division  with  the  panel 
point  7.  the  first  jwnel  pcnnt  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  |>ancl 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  -shears. 

To  construct  the  dead  load  shear  diagram,  lay  oflf  ^W,  downward  to  the  prcscrilied  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  ^^ ,  until  the  dead 
load  shear  is  —  3 IV  at  the  right  abutment.     The  dead  load  shear  diagram  is  then  constructed 
shown. 

Maximum  and  Minimum  Web  Stresses. — Tlie  maximum  shear  in  any  (lanel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
arc  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Positive  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  negative  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

(c)  Results. — This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different 
systems  of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that 
tne  maximum  ordinate  to  the  chonl  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an 
odd  numlKT  of  panels. 
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Problem  9. 


Maximum  and  Minimum  Stresses  in  a 
Moments, 


Petit  Truss  by  Algebraic 


(tt)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip 
«o'  o".  d<i)rh  At  renter  5ft'  o",  dead  load  0.9  ttms  per  lineal  foot  per  truss,  live  load  1. 4  tfms  per 
uoeal  foot  jxt  trutvs.  Calculate  the  maximum  ana  minimum  stresses  due  to  dead  and  live  loads 
by  alffebrair  moments.     Scale  of  truss,  i"  »■  40'  o".     Stale  of  lever  arms,  any  convenient  scale. 

(©)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one- 
half  the  truKS  to  scale  on  a  large  piece  of  paper  and  calculate  the  lex'er  arms  as  shown,  and  check 
by  selling  from  the  diagram.     Tiie  mcth(xls  of  calculation  will  be  i^hown  by  two  examples: 

I.  Stresses  in  Ti^  6-7.  Dead  Jjoad  Stress. — Pa-^s  a  section  cutting  members  7-J1,  6-7,  and 
6-K,  and  cutting  away  tne  truss  to  the  right.  The  center  of  moments  will  l>c  at  A,  the  inter- 
section of  chords  y~X  and  6-K.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the   outside  toward   the   cut   section.     Then   for  ecptilibrium   6-7  X  477-0  +  /?|  X  575  —  3IV" 
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X  625  *  o.     Now  Ri  »  146.35  tons  and  W  =  22.5  tons,  and  solving  the  equation  gives  sti 
fr-7  »  —  87.8  tons. 

Livf  Load  Stresses, — The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segment 
of  the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  luads  the  maximum  H^-e 
load  stress  ^-7  X  477-0  +  ^1  X  575  =  O-  Now  Ri  *=  55/14  X  35  tons  =  137.5  tons,  and  the 
stress  in  6-7  »=  —  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded. 
Taking  moments  about  the  point  ,4.6-7  X  477-°  +  ^1  X  575  —  3 Z'  X  625  =  o.  Now  J?i  -  90 
tons,  /*  =  35  tons,  and  stress  in  6-7  =  +  jg.i  tons. 

3.  Stresses  in  Tte  4-7.  Dead  Load  Stress. — Pass  a  section  cutting  members  7-.Y,  4-7,  4-5 
and  5-K,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  1-7  as  an  external 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  et|uiUbrium  about  the  point  A, 
stress  A-7  X  4770  +  -^i  X  575  —  stress  4-5  X  4420  —  2W  X  612.5  =  o-  N't>w  the  member 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  1.414  ■■ 
-|-  15.9  tons.     R\  =  146.25  tons,  and  2W  =  45  ions.     Then  stress  4-7  =  —  103.6  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  segment 
loaded.  Taking  moments  alxjut  A  as  for  dead  loads,  stress  4-7  X  477-0  -|-  /?i  X  575  —  slresa 
4-5  X  442.0  ==  o.  Now  stress  4-5  =  +  24.8  tons,  and  R\  =  66/14  X  35  =  165  tons.  Then 
stress  4-7  =  —  175.7  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  stress  4-7  X  477.0  +  /?i  X  575  —  2P  X  612.5  *  o  Now 
Ri  s=  62.5  tons  and  3/*  =  70  tons.     Then  stress  4-7  =  -+-  14-5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  panels 
may  be  calculated  by  cocHicients.  Check  itp  the  dead  load  chord  stresses  by  comparing  with 
the  stresses  obtained  by  graphic  resolution  in  Prublcm  2. 

(c)  Results, ^Thc  au.xiliary  members  carry  the  stresses  dJR^ctly  toward  the  abutments  and 
there  Ls  no  amiiiguity  of  luading  as  in  the  case  of  a  truss  subdiviik'd  us  in  Problem  6.  However, 
the  m»-*thod  of  subdividing  shown  in  Problem  6  is  usctl  in  prvfen-ncL-  to  that  shown  in  this  problem. 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Problem  10.    Livb  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  E  60 

Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  6J",  depth  30'  o",  liva 
load  Coojkt's  K  60  loadine.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  (luu  to  the  prescribed  loading  by  algebraic  moments.     Si^ale  of  truss,  \"  =*  25'  o". 

(6)  Methods.  Chord  5/rrjjei.— "-Calculate  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  maximum  bending  moment 
at  any  joint  in  a  Pratt  truss  is.  *'  the  average  load  on  the  left  of  the  section  must  be  the  same 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown  Having  calculated 
the  maximum  bending  moments,  the  chord  stressea  arv  found  by  dividing  the  bendmg  moment 
by  the  depth  of  the  truss.     The  moment  diagram  is  given  in  Table  \'b.  Chapter  IV. 

Web  Stresses. — Calculate  the  position  of  the  wneeU  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "  the  load  on  the  jxincl  must  eoual  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bending 
moment  at  Li  is  the  siimc  as  the  criterion  for  maximum  shear  in  panel  L9L1.  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shcirs  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.     The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  d. 

Floorbeam  Reaction. — The  stress  in  the  hip  vertical  UiLi  is  equal  to  the  maximum  floorbeam 
reaction.  This  is  calculated  as  follows:  Take  a  simple  beam  with  a  sjiiin  et^ual  to  the  sum  of  two 
panel  lengths  and  calculate  the  maximum  l>cnding  moment  at  the  rK)int  in  the  Iwram  c»rrcftr)onding 
to  the  panel  point;  in  this  case  it  will  Im*  the  center  of  the  fipan.  This  iH'niIing  moment  multiplied 
by  the  sum  of  the  panel  lengths  dividetl  by  thf  prcMiuct  of  the  panel  lengths  will  f>e  the  maximum 
Aoorbeam  reaction;  in  this  case  the  maximum  bending  moment  at  the  center  will  be  multiplied 
by  2  divided  by  the  panel  length. 

(c)  Results. — when  the  maximum  stresses  occur  in  chords  UtU»,  UiU\  and  LiL%',  counter 
Ua'Lj  is  in  action.  It  occasionally  happens  that  there  is  more  than  one  position  of  the  loading 
that  will  satisfy  the  criterion  for  maximum  bending  moment.  In  this  case  the  moments  for  each 
loading  must  be  calculated. 

Problem  11.    Stresses  in  the  Portal  of  a  Bridge  by  Alcebkaic  Moments  and 

Graphic  Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  50'  o",  center 
to  center  width  15'  o",  load  R  —  2,000  lb.,  end-ix)Hts  pin-connecieii  at  the  ba.<-.  Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.     Scales  as  shown. 
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(b)  Methods.— Now  //  =  //'  =  i.ooo  lb.      T  «  —    V\  and  by  taking  moments  about  B, 
V  ~  30  X  2,000/15  ■*  4i000  il>-  ■*  —  V". 

At^ehraic  Moments. — In  passing  sections  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reaw?n  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  Btresses. 
To  calculate  the  stress  in  member  3-K  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-  Y,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  3-I'  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-K 
X  10  X  0.447  +  //  X  30'  =  o-  The  stress  m  3-K  =  -  6,710  lb.  The  remaining  stresses  are 
calculated  as  shown. 

Graphxc  Rfsolntion. — Lay  off  a~A  -  A-h  -  //  »  1,000  lb.,  and  A-Y  =  V  =  4,000  lb. 
Then  beginning  at  point  B  m  the  portal  the  force  polygon  for  equilibrium  is  o-.4->-i'-fl,  in 
which  i'-<t  is  the  stress  in  the  auxiliary  member  i-ii,  and  Y-i'  is  the  stress  in  the  post  i-K  when 
theauxiliar)'  member  is  acting.  The  true  stress  in  i~Y  is  equal  to  the  algebraic  sum  of  the  vertical 
components  c^  the  stress  i*-a  and  K-l',  and  etjuala  V"  ■■  —  4,000  lb.  Next  complete  the  force 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is  known  and  the  force  triangle 
isa-i'-a'-o,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  srtresscsare  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  pn>duce  e(|uilibrium  for  vertical  stresses  at  joint  (l)  as  shown.  The 
maximum  shear  in  the  posts  Ls  //  =  1,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3- K,  joint  (3'»,  and  is  Af  ««  1,000  X  20  X  12  ■■  240,000  in. -lb. 

(c)  Results. ^The  meth<Ml  of  graphic  re«»lutitm  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the  oppo- 
site side,  as  might  be  inferred  from  the  6gure. 


Problem  12.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
9'  o",  wind  loiids  Pp.  Pu  Pi,  Pi,  P%,  as  shown.  Calculate  the  stresses  in  the  members  of  the 
bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calcnlatinw  the  stre.»ises  by  graphic 
resolution.  Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  1"  =  10'  o".  Scale  of  loads, 
1"  «  2,000  lb. 

{b)  Methods. — Algebraic  Moments. — To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  .1,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
calculate  the  stress  in  3-4,  pass  a  section  cutting  members  3-A',  3-4  and  4- K;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
+  3.000  X  19.3'  +  3.000  X  1 1.3'  «»  o.  The  stress  3-4  =  —  5,800  lb.  Stresses  in  4-5.  5-6, 
6-7,  7-8  and  8-2  are  calculated  in  a  similar  manner.  To  obtain  reaction  ^i  take  moments  about 
J?i.  and  ^i  X  30'  -  2.000  X  i$'  —  2.000  X  30'  -  3.000  X  45'  —  3.ooo  X  53'  *  o.  Then  Ri 
-  12.800  lb.  -  -  /?,. 

To  calculate  the  stress  in  4-K,  take  center  of  moments  at  joint  Pt.  and  pass  a  section  cutting 
members  f,-X,  4-5  and  4-K,  and  assume  the  rtre.^^  in  4-K  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.  Then  4-K  X  t5-6'  —  3.000  X  15'  -  3-000  X  23'  =  o.  Then 
^-Y  ^  +7.300  lb. 

Graphic  ResoltUion.— The  load  Ft  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  momlxTs.  The  loads  Pe.  P\,  Pt.  P»>  Pi  are  laid  off  as  shown,  and  with  the  load  /*«  the 
stress  triangle  Y-X-2  is  drawn.     The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — The  stress  in  l^o  auxiliary  meml>er  2-K  acts  as  a  load  at  the  top  of  post  4-K. 
Load  Pti  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  reason 
that  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  columns. 


664 


STRUCTURAL   MECHANICS. 


Chat.  XVI. 


STRESSES  IN  BRIDGE  TRUSSES. 


;  o  o  o  Q. 


'"-q-'^g  -" 


566 


STRUCTURAL   MECH.\NICS. 


Chap.  XVI, 


Bridge  Analysis.  DecK  Bol+imor-e  Tr-uss. 


ProWem  5  * 


Max.ond  nin.dtreAsefi.Al^ebrotc  neeolu^ion. 


•ft  -10 

•    Co€f.  for  Dead  Load, and  Live  Load  for  Chords. 


Maximum  Web  Coeff  iclen-ts. 


Mmimum  Web  Coefficienfa. 
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Opan,L,«Eeo'-oV  aec6»\.4»     -  sc.oo     Dead  Load*. atsTotia  p«rlin.f^  p.tr. 

pQneK*,*  EO'-o'.'  tan  d  -i.oo.  Live  Laad-.e«sTp«r  Itn.ft.per  tru»6. 

Depth, d,-4o'-oV  Stresses  in  Ton*. 


Bridge  Analysis.  Baltimore  Truss.  Problem  6 

Wtand  Algebrarc.    Resolution.         5pon  320* 

«-/ff  *IB2 */tfj         *IM.OQ         *l}4.00        "100.00 


Wtan$  W^dTons,  W^ec d=.'f.5/ Tons,  W tan d^d  Tom. 

Dead  Load  Coef^ici'enfy .  Dead L&ad 5trt>ie5  in  Tom.    Wiio'-W^^?'*! 
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Bridge  Anaiysia.  Petitlruss  Problem  9 

^re^ses  by  Algebraic  MorrienTa. 
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CHAPTER  XVIL 
The  Design  of  Steel  Details. 

Introduction. —The  dt-aign  of  any  structure  involves  the  design  of  the  different  members 
and  the  connections.  In  this  chapter  the  design  of  the  various  steel  details  will  be  considennl  as 
fully  and  comptetL-ly  a»  the  limited  space  permits.  The  design  of  the  members  and  details  of  a 
steel  slructure  are  governed  by  the  specifications  for  the  panicubr  structure.  Reference  will 
be  m.ide  by  section  an«l  page  to  the  various  specifications  in  this  book. 

MEMBERS  IN  TENSION. — Several  different  mclho<l.s  for  making  end  connections  of  bars  are 
shown  in  Fig.  i.  Loop  Bare,  [a)  Fig.  l,  arc  used  for  lateral  bracing  cm  highway  bridges,  buildings 
and  towers,  with  titrnbuckles  or  sleeve  nuts,  to  make  them  adjustable  as  shown  in  Tables  92  and 
94.  (All  tables  numbered  with  .^rabic  numerals  are  in  Part  11.)  Clevises,  (b)  Fig,  i,  are  used 
to  secure  the  ends  of  bars  used  as  Lateral  bracing  on  highway  bridges  and  on  buildings.  The  pin 
may  be  either  a  cottL'r  pin  as  shown  in  Table  96,  or  a  bridge  pin  as  shown  in  Table  95.  Ordinary 
eye-bars,  (c)  Pig.  i,  are  used  principally  for  lower  chords  and  main  ties  on  bridges.  Data  for  ej-e- 
bars  are  given  in  Table  91.  Counters  are  made  of  adjustable  eye-bars  as  shown  in  Table  91. 
Bottom  lateral  plates  or  skew-backs,  {d)  Fig.  i^  are  used  to  secure  the  ends  of  bottom  lateral  rods 
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or  Skew  back,  (F)  Cooper  Hitch.  (h)  Be\^l€d  Washer,  Ca^  Iron. 

Fig.  I.    Details  of  Tension  Members. 

of  highway  bridges  and  are  shown  in  Table  121.  Top  lateral  plates  or  U-plates,  (r)  Fig.  I,  are 
used  for  top  lateral  conncrtions  on  highway  bridges  and  for  lateral  bracing  on  buildings,  highway 
bridges  and  towers,  see  Table  122.  The  CcKiper  hitch  has  the  same  uses  as  the  top  lateral  plate. 
The  angle  as  shown  in  (jc)  Fig.  I  is  used  for  end  connections  for  light  bars  in  buildings  and  towers, 
see  Tabic  120.  Ta.^t  iron  beveled  washers.  (A)  Fig.  I,  are  used  for  end  connections  of  diagonal 
bracing,  see  Table  120.  The  ends  of  tun  should  Ix-  upset  as  shown  in  Tables  89  and  90,  so  that 
the  strength  in  the  threads  will  be  greater  than  the  strength  of  the  main  body  of  the  bar.  The 
isions  of  tic  rods  for  beams  arc  shown  in  Table  105. 
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In  selecting  bars  in  tension  the  area  is  determined  by  the  formula: 

where  A  is  the  required  area,  P  the  total  tension  in  the  bar  and  ft  the  allowable  unit  ten^le  stress. 
The  following  problems  are  given  to  illustrate  the  use  of  the  tables  in  selecting  the  details  for 
bare,  etc 

Loop  Bar. — Select  a  loop  bar  to  carry  a  tensile  stress  of  48,000  lb.,  one  end  pas«ng  aiound  a 
3  in.  pin  and  the  other  end  around  a  3^^  in.  pin,  the  center  to  center  distance  between  pins  "being 
30'  o". 

i2e/rr«»«5.— Specification  5  8,  p.  55 ;  §  33,  p.  57 ;  §  84,  p.  60;  5  91 ,  p.  61 ;  §  104,  p.  61 ;  §  108, 
p.  62;  S  116,  p.  62;  S  37,  p.  141;  §  49,  p.  142;  §  61,  p.  142;  §  14,  p.  206:  §  36,  p.  206;  S  IS.  p.  209; 
5  36,  p.  210;  S  230,  p.  363;  §  8.  p.  379;  S  42,  p.  381;  S  28,  p.  385- 

Solution. — Using  an  allowable  unit  stress  of  ft  =>  16,000  lb.  per  sq.  in.,  the  area  required  is, 

.      P      48,000 
^  =  7.  =  I6;355  =  3~  «»■">• 

A  bar  1%  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  <A  3.14 
sq.  in.  (Table  6).  Either  bar  could  be  used.  Using  the  \%  in.  square  bar  the  additional  length 
required  to  pass  around  a  3  in.  pin  is  i'  i\"  (Table  92),  and  for  a  3^  in.  pin  is  2'  i",  making  it 
necessary  to  add  4'  o"  to  the  center  to  center  distance  of  pins  to  obtain  the  total  length  of  bar. 

If  a  iurnbuckU  is  used  the  upset  required  on  a  i^  in.  square  bar  is  2|^  in.  in  diameter  and  5H 
in.  long  (Table  89),  requiring  4H  in.  extra  material  to  make  each  upset,  or  9  in.  for  the  two  up- 
sets. The  weight  of  a  turnbuckle  for  a  2^  in*  screw  is  25  lb.  (Table  94).  The  clearance  between 
the  ends  of  the  screws  for  all  turnbuckles  is  5  in.  (Diagram  at  top  of  Table  92). 

The  total  length  and  weight  of  the  1%  in.  square  bar  is  therefore: 
c.  to  c.  of  pins,  less  5  in.,  =  29'  7"  of  i  J^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  ■«  308.O  lb. 
Material  for  2  loops         »    4'  o"  of  iH  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  »    41.6 lb. 
Material  for  2  upsets       »    o'  9"  of  i^  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  ■>      7.8  lb. 
One  Turnbuckle  @  25      lb.  (Table  94)  ««    25.0  lb. 

Total  Length  =  34'  4"  Total  Weight  »  3824  lb. 

If  a  sleeve  nut  is  used,  instead  of  a  turnbuckle,  its  weight  for  a  2^  in.  screw,  is  19  lb.  (Table 
94).  The  clearance  between  the  ends  of  the  screws  is  3  in.  for  all  sleeve  nuts  (Diagram  at  the  top 
of  Table  92). 

The  total  length  and  weight  of  i5^  in.  square  bar  when  a  sleeve  nut  is  used  is  therefore: 
c.  to  c.  of  pins,  less  3  in.,  =  29'  9"  of  i  ^i  in.  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  —  309.8  lb. 
Material  for  2  loops         =    4'  o"  of  i  J^  in,  square  bar,  @  10.41  lb.  per  ft.  (Table  6)  «    41.6  lb. 
Material  for  2  upsets        ~    o'  9"  of  i^i  in.  square  bar,  ^J  10.41  lb.  per  ft.  (Table 6)  «"      7.8  lb. 
One  sleeve  nut  @  19       lb.  (Table  94)  "    19.0  lb. 

Total  length  =  34'  6"  Total  Weight  -  378.^  lb. 

Bar  with  Clevises. — Select  a  bar  to  carry  a  tensile  stress  of  48,000  lb.,  the  ends  to  be  held 
by  clevises,  the  distance  center  of  pins  being  12'  o". 

References, — Same  as  for  loop  bar,  also  §  41,  p.  58;  §  39,  and  (  41,  p.  141;  §  17,  fi  18,  and  $  19, 
p.  209. 

Solution. — Using  an  allowable  unit  stress  of /i  —  16,000  lb.  per  sq.  in.,  the  area  required  is, 

.       P      48,000 

A  =  -r  ~  ^7 ■»  3.00  sq.  m. 

ft      16,000      ^       ^ 

A  bar  1%  in.  square  has  an  area  of  3.06  sq.  in.  (Table  6),  and  a  2  in.  round  bar  has  an  area  of  3.14 

sq.  in.  (Table  6),     Either  bar  could  be  used.     Using  the  1^  in.  square  bar  a  No.  6  clevis  is 

required  (Table  93). 


I 


I 


The  size  of  pin  required  by  shear  and  moment  can  be  obtained  from  tlic  lower  part  of  Table 
93,  and  is  a  3  in.  pin  if  the  forks  are  closed,  or  a  3  in.  pin  if  the  forks  arc  used  straight.  The 
thiclcnoss  of  connection  plate  required  by  bearing  when  a  2  in.  pin  is  used,  is  48.000  -3-  {3.00  X  24,- 
000)  =  i.oo  in.,  if  a  3  in.  pin  is  used  the  plate  must  be  48,000  h-  {3.00  X  24,000)  «=  0.66  in. 

The  weight  of  the  bar  and  two  clevises  is  estimated  as  follows: 

The  length  of  the  rod,  allowing  for  clearance,  etc..  must  be  a*duced  by  A  —  H  in.  «  8  —  J^ 
«  7I-2  in.  (Table  93)  at  each  end,  or  a  total  of  2  X  vH  =-  i'  j".  The  diameter  of  upset  for  a 
]^4  in.  square  bar  is  2}-^  in.,  which  requires  4^^  in.  material  to  make  each  upset  (Table  89),  or  9 
in.  fur  both  upsets. 

The  total  length  and  weight  of  i^i  in.  square  bar  is: 

c.  to  c.  of  pins,  less  i'  3",  =  10'  9"  of  1%  in.  square  bar.  @  10.41  lb.  per  ft.  (Table  6)  = 
Material  for  3  upsets  =    o'  9"  of  iJi  in.  square  bar,  @k  10.41  !b.  jx-r  ft.  (Table  6)  ^ 

Two  No.  6  clevises  @  26       lb.  (Table  93)  ^ 

Total  Length 


u'b' 


Total  Weight 


1 1 1 .9  lb. 

7.8  lb. 

5^.0  lb. 

171.71b. 


Eye-Bar. — Strlect  an  eye-I>ar  to  carry  a  tensile  stress  of  190,000  lb.,  with  an  8  in.  pin  at  one 
end  and  a  6'  i  in.  pin  at  ihc  other  end,  the  length  center  to  center  trf  pins  l»cing  25'  o". 


5  92,  p. 

8  83.  p- 


144:  5  141 
207;  §  15, 


Htfercnces, — 533.  p.  57;  §  106.  p.  62;  §  162.  p.  66;  §37,  p.  141: 
\  171.  p.  147:  §  14,  p.  206;  536,  p.  206;  "Minimum  Bar,"  p.  207; 
§  36,  p.  210;  §  83,  p.  213:  §  136,  p.  216:  §  162,  p.  2l8. 

Soiution. — Using  an  allowable  unit  stress  of  /i  —  16,000  lb.  per  sq.  in.,  the  area  required 


p.  145: 
p.  209; 


A  - 


190,000 
16,000 


=  11.87  sq.  in. 


A  bar  8  in.  X  1  ^  in.  has  an  area  of  12.00  sq.  in.  (Table  i).  From  Tab!e  91,  the  maximum  thick- 
ness allowed  for  an  8  in.  bar  on  a  6?^  in.  pin  is  2  in.,  and  the  minimum  is  i  in.  (The  value  6^ 
in.  does  not  appear  in  the  tabic  but  it  is  less  than  7  in.,  which  is  the  maximum  pin  which  can  be 
U9C<1  if  the  die  referred  to  is  used.)  For  an  8  in.  pin  the  maximum  thickness  is  2  in.  and  the 
minimum  i  *»  in.     The  bar  selected  satisfies  these  requirements  as  to  thickness. 

The  extra  length  of  bar  required  to  form  a  head  for  a  6*^  in.  pin  (die  for  7  in.  pin)  is  2'  8"  for, 
ordering  the  liar,  and  2'  3"  for  estimating  the  weight,  and  for  an  8  in.  pin  3'  o"  and  2*  6' 
lively  (Table  91). 

The  total  length  and  weight  of  eye-bar  is  therefore: 


c.  to  c.  of  pins 
Eye  for  6f^  in.  pin 
Eye  for  8  in.  pin 
Total  Length 


**  25'  o"  of  8  in.  X  1 H  in-  l>ar. 
»  2'  3"  of  8  in.  X  I J4  in.  bar, 
«    a'  6^'  of  8  in.  X  I H  in.  bar, 


40.8  lb.  per  ft.  (Table  2)  =  1020.0  lb. 


%  40.8  lb.  per  ft. 
I  40,8  lb.  per  ft. 
Total  Gross  Weight 


-  91.8  lb. 
»    102.0  lb. 

-  1215.8  lb. 


The  weight  which  must  be  deducted  for  pin  holes  (Table  6)  is, 

Pin  hole  for6H  in.  pin  is  1.5  -h  12  X  112.8  -  14.1  lb. 

Pin  hole  for  8  in.  pin  is      1.5  +  12  X  171.0  -  21.4  lb. 

Total  weight  to  be  deducted  »  35.5  lb. 


I     The  net  weight  of  the  eye-bar  is  then  1213.8  —  35.5  -  II78-3  lb. 

f-'or  the  design  of  an  eye-bar  subject  to  flexure  due  to  its  own  weight,  see  "Combined  Flexure 
and  Direct  Stress"  in  this  chapter. 

•  Angle  in  Tension. — Select  an  angle  to  carry  a  tensile  stress  of  40.000  lb.,  using  %  in.  rivetfcJ 

Rtjf fences.—^  33.  p.  57:  I  39.  P-  57:  §  40.  P-  5»:  5  79.  P-  &o:  §  83.  p.  60;  %  84,  p.  60;  (  85, 
p.  60;  I  89.  p.  61:  \  104.  p.  61:  \22,  p.  105;  I  37.  p.  141:  §43,  p,  141:  i6o.  p.  14a;  i79,  p.  144; 
I  80,  p.  144;  )  14,  p.  206;  (26,  p.  206;  $45,  p.  206;  "Fastening  Angles,"  p.  207:  (  15,  p.  209; 
J26,  p.  210;  838.  p.  210;  §57,  p.  Jio;  874»P-  »":  P.  219:  P-  ^23:  fi  *32,  P- 363;  4  8,  p.  379- 
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Solution. — If  fastened  by  both  legs  as  in  Fig.  2  the  load  may  be  considered  as  axial  and  the 
required  net  area,  using  an  allowable  unit  stress  of  ft  —  16,000  lb.  per  sq.  in.,  is 


40,000 
16,000 


2.50  sq.  in. 


Try  one  angle  4"  X  4"  X  ?»".  Gross  area  «  2.86  sq.  in.  (Table  23  or  Table  25).  Net 
area,  deducting  one  J4  in.  hole  for  a  H  in.  rivet  =  2.86  —  .33  =  2.53  sq.  in.,  (Table  116).  This 
angle  will  satisfy  the  conditions.     This  result  can  be  obtained  directly  from  Table  29. 

If  the  angle  is  fastened  by  one  leg  as  in  Fig.  3,  the  load  will  be  eccentric  and  the  problem 
more  difficult.  An  approximate  solution  is  to  consider  only  the  area  of  the  attached  leg  as  effect- 
ive.   The  solution  would  then  be,  as  before 


A=^ 


40,000 


ft  16,000 


=  2.50  sq.  in. 


^^  ^■^  ^^  ^^ 


o"o"o"o7 


Fig.  2.    Angle  Connected  by  Both  Legs. 


Fig.  3.  Angle  Connected  by  One  Leg. 


Try  one  angle  6"  X  4"  X  ^2"  with  6  in.  leg  attached.  Gross  area  of  6  in.  leg  «  6  X  ^ 
<=  3.00  sq.  in.,  net  area  =  3.00  —  .44  ==  2.56  sq.  in.,  which  will  satisfy  the  conditions. 

Built-up  Tension  Member. — Design  a  built-up  member  to  carry  a  tensile  stress  of  390,000 
lb.,  using  ^  in.  rivets. 

References.—^  33,  p.  57;  §  83,  p.  60;  §  84,  p.  60;  §  89,  p.  6t ;  §  90,  p.  6l ;  §  loi,  p.  61 ;  $  37, 
p.  141;  §44,  p.  141;  §61,  p.  142;  §75.  P-  143;  5  14  and  §26,  p.  206;  §28,  p.  210;  638,  p.  210; 
552,  p.  211;  §82,  p.  213:  p.  219;  §  II,  p.  382- 

Solution. — Using  an  allowable  unit  stress  of /i  -  16,000  lb.  per  sq.  in.,  the  net  area  required  is, 


ft       16,000 


24.4  sq.  in. 


Try  4  angles  3H"  X  3^"  X  M"  and  2  plates  18  in.  X  H  »n-i  as  shown  in  Fig.  4.  Gross  area 
=  18.00  +  13.00  =  31.00  sq.  in.  Referring  to  Fig.  4,  it  will  l)c  seen  that  the  section  n-n  is  the 
least  section  in  the  body  of  the  member  and  that  four  rivet  holes  should  be  deducted  from  each 
side  to  obtain  the  net  section,  giving  a  net  area  of  31.00  —  4.00  —  2.00  —  25.00  sq.  in.,  4.00  sq. 
in.  being  the  area  of  holes  in  the  plates  and  2.00  sq.  in.  being  the  area  of  holes  in  the  angles,  de- 
ducting I  in.  holt's  for  J-g  in.  rivets.     This  section  has  sufficient  area,  24.4  sq.  in.  being  required. 

If  the  ends  of  the  members  arc  to  be  riveted  they  should  be  designed  as  outlined  under 
"Riveted  Connections  and  Joints"  in  this  chapter. 

If  the  ends  arc  to  be  pin-connected  they  may  be  designed  as  follows.  Assume  that  5*4  in- 
pins  arc  to  be  used  at  each  end.  The  bearing  area  required  allowing  a  unit  stress  of  24,000  lb. 
per  sq.  in.,  is  390,000  -s-  24,000  =  16.2  sq.  in.  This  requires  a  total  thickness  of  plates  of  16.2  4- 
5.5  ==  2.95  in.,  or  1.48  in.  on  each  side.  The  web  plates  arc  M  i"-.  the  fill  plates  must  be  at  least 
H  in.,  the  thickness  of  the  angles  being  J4  in.,  and  using  }4  in.  outside  plates  the  total  thickness  of 
plates  is  1.50  in.,  which  satisfies  the  conditions,  I.48  in.  being  required. 
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TTie  net  area  through  the  pin  hole  (section  m-m)  must  be  25  per  cent  in  excess  of  the  net 
area  of  the  body  of  the  member  according  to  a  common  specification.  It  will  probably  be  neces- 
sary to  deduct  the  area  of  the  pin  hole  and  two  rivet  holes  on  each  side,  the  rivet  holes  being  so 
near  the  section  m-m,  sec  Fig.  4.  The  gross  area  through  the  pin  hole  is,  web  plates  2  X  l8  X  H 
=*  18.00  sq.  in.,  angU'S  4  X  3.25  =  1300  sq.  jn.,  fill  plate  2X11  X  ,^i  =-  il.oo  sq.  in.,  outside 
plate  3  X  17  X  H  ""  17.00  sq.  in.  making  a  total  gross  area  of  59.00  sq.  in.  The  net  area  is 
59.00  —  2  X  5.5  X  1.5  —  4  X  I  X  1 3^  -  36.5  sq.  in.  The  required  net  area  through  the  pin 
bole  is  1.35  X  35.QO  »  31.3  aq.  in. 
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Section  n-n 


Fig.  4.    RtvETED  Tension  Mehbrr. 


The  net  area  back  of  the  pin  ht>Io  paralkl  with  the  axis  of  the  member  (section  06)  must  not 
be  less  than  the  net  area  in  the  body  of  the  memlicr  (section  n-n)  =  25.0  sq.  in.  The  total 
thickness  of  the  metal  at  this  section  is  i  .50  in.  for  each  side.  Therefore  the  net  length  back  of  the 
pin  must  l>e  25.00  +  2  X  1.50  ■"  8.33  in.  Assuming  that  not  over  three  rivets  will  come  in  this 
aection.  the  total  length  back  of  the  pin  hole  must  be  at  least  8.33  -j-  3.00  «  1 1.33  in. 

The  number  of  rivets  required  and  the  size  of  pin  plates  is  considered  under  "  Riveted  Connec- 
tiuns  and  Joints." 

Unriveted  Pipe. — Deagn  an  unrivetcd  iron  pipe  12  in.  in  diameter  to  carry  an  internal 
prussua*  of  \oq  lit.  per  sq.  in. 

From  Structural  Mechanics.  Chap.  XVT  (Formula  12a),  /  =  wD  ■¥  2t:  and  /  «  wD  -i-  if, 
where  /  is  the  thickness  of  metal,  to  *«  unit  internal  pressure,  D  =  diameter  and  /  the  allowable 
tensile  stress  which  wilt  be  taken  as  12,000  lb.  per  aq.  in. 


t  = 


W'D        400  X  12 
— 7-  *     w  -  -  0.20  in. 

2/       2  X  J2,ooo 


-The  destign  of  compression  memberi  will  be  shown  by 


MEMBERS  m  COB4PRESSION. 
scverj.1  examplrs. 

Single  Angle  Stmt. — Select  an  angle  to  carry  a  compressive  stress  of  21.500  lb.  The  length 
center  tn  center  of  connections  is  6'  o",  and  both  logs  are  to  be  fastened  at  the  ends,  Fig.  2. 

Kefrrrncei.—SinxificiiUoTi&  §34.  p.  57:  {39.  p.  57;  §84.  p.  60;  685.  p.  60;  5  93,  p.  61; 
I38.  P-  U»:  §43.  P-  M<;  5  60.  p.  142:  I  too,  p.  61;  1 45,  p.  206;  p.  207:  §  16,  p.  209;  §  20,  p.  209; 
p.  233;  S  231,  p.  363:  S  10,  p.  379. 

Solution. — Using /f  =  ih,(»rM>  —  70 />  lb.  per  sq.  in.,  as  the  allowable  unit  stress  and  125  as 
the  maximum  value  for  the  ratio  Ijr,  the  minimum  value  f or  r  is  as  follows: 

//r-,25.  orr.,1  -«^'-o.58u.. 

Any  3"  X  3"  angle  will  satisfy  the  requirement  for  Iff  (Table  23).     The  allowable  unit 

72  _.. 

will  then  be  16,000  —  70  X  -'«  «  7.300  lb.  per  sq.  in.     The  area  required  will  be 

.50 


.       P      31.500 

^     K     — •    ■« • 

/•  7.300 


2.95  sq.  in. 
The  area  of  one  angle  3"  X  3"  X  9/16"  ii  3.06  sq^  in.,  which  is  sufficient. 
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'  ' '  i  >!*•  :rt«-r.t    •,f  ,  *  vjiu:  if.r  -^  ioxisflK^     L^TSEer  ^""gL**  wtO.  g;nre  lighter  kcdob 

-,f  ^  .  *  :.,yr  .  o«/  iny:i-  -,  ,  '  ■  ^  '  laa  i  raiiius  ii  ^/nuiaa.  r.  of  about  0.69  (TabfeasK 
f     f  ...     r  .'  'i^.Mi    'j-1.  «iir:  1:1  t.!'.^v't.,)K  init  ^cr^ise  ji  ic«}ut  4.7tx>  ttx.  pcraq.  in.  aLndreqioni 

-    - / .   <i     w',i/M  wMiii*.  V  ,r.v:i:(-:  :•    ^nc  laijie  3^2"  X  3fj"  X  ?§"•     ThemiiifflBi 

—'.;«.  .i  Y  ,. V  :.r-  ^  'i*.'..iirT:-.ifnT  .•.  .<:aii  i.^  i  rxuie  la  ;:ixe  adectioKL  of  aectiona  but  iiLnidfa 
.»  r.^.  ..^  f.  ,>.'!  -/I.-.,*  '..r  t,r\'^  '.irrmi>:r«  v:r.h  j^w  ^rr<:sfic9  aich  as  laceral  bracing.  Ta]:Ae4l, 
'— ■         ',     -    "..'•  ^f.*  :/.:»':■;  ff.r  *in;^;*;  ^.^^■^t  itrir--  :.l-i:  fnt.'d  by  bodl  legs. 

*-.    i''..  ;  »f,    ,   ji,-;    i  I'   ;,   2fj'/  ■' F  urr^mn^  An^jies."  p-  207;  \  20,  p.  209. 

'  ■  V  i.'-t\f  .-  'ii.i.-m-/l  .V  ^ni:  ii'^  -.niy  li  la  rlq;.  3.  the  Ii)ad  is  eccentric  and  the  proMcaii 
..,  *.  *,ir.,  ,,(>  1 .1  ».,;,r'.viin,ir/-  v^hiTinri  U  trj  ^onsitier  only  the  area  of  the  attached  leg  aseffect- 
■  .  /f.,r..  ;,*.!*  .Ill  n/liufif  ajyr^rir.n  mijiC  be  not  less  than 0.58  in.,  which corrcspoadi teat 
,11,.*.. ,!,»,  ,,.,1  .»,.,. ...  .f  y  .,^,  \\,^  .^.f  ^j  jn,.  r'rrj'iirin^  the  area  of  the  attached  leg  to  be  at  lcasti95 
/  .  .»■  /-..nffti  lit  for  r.i'lim  of  ;f>THr.ion  w^iiW  be  satisfied  by  any  3}^"  X  3"  angle,  li< 

.,  ,.-,-/*i#  /*,-;  /|  ,H  ',f  ir-Ji  if  irr^ifhcrlby  the  3*2  in.  le?  the  thickness  WY>uld  have  to  be  J. 9$ 
'.  '/•  '•  •^',  -11  r'*jiiinnvc  ■'  ^Hi"  /  .V  X  ■  i"  angle,  which  is  a  very  poor  section  and  would 
>  -  ■•  '•.  ,,•  I 't'  f  tli  IK  ,1  VI  ii'*ri  with  \ftn-^i:r  I*:gs  to  satisfy  the  same  conditions,  and  much  fes 
■'■t't')       1  ..   :.  »  t  f  ifli.i :  of  '^./r.itir^rii  of  any  5"  X  3.^"  angle  is  about  0.76  in.  (Table  24),  andtk 

»'•»/«»•,'»■     iililt      -.iT'    W    Will    I**" 

/.  -  itt,tinit  -  ;<»/>  «  16,000  —  70  X  r^  =  9.370  lb.  per  aq.  in.* 

^'■'(ifiPffiK  trt  .If''!  r>f  lilt-  tilf.K  licrl  Ic;;  of 

^         -  -     -•'^  _  «  2.30  sq.  in. 
/.       9.370  ^    '^ 

2  10 
#lilf  li  wMiilij  Im   |ifnvliti-il  l>v  •!  .s"  X  3'l*''  anKlt^*  of  thickness  equal  to  ^^  .46  in.    An  angfc 

f,"        I*  1"   •    '  1"  I  imlil  In*  u-^mI  with  llu*  5  in.  K'g  attached. 

IKihIiIm  AiikIp  Sliiil.  rill'  inniiUT  ti  b  V'\^.  5  is  to  consist  of  two  angles  back  to  bock  scpi- 
fihilliv  ^..  III  I  ■■iiiit-i  iiMii  pl.iirs  at  thiM'mls  ami  washers  i*^  in.  thick  in  the  body  of  the  member. 

I  ll  "liMI   I  Ml      %   I  Miii|i|t    ...IW   ••In-'.'.  t>|    Sl>,«^X*  11). 

'.'  /  '  ".  '  $  u.  I'  >/.  $  •**».  p  t^^  §*),\.  p.  <ii;  §  ux).  p.  61:  §38,  p.  141:  §60,  p.  i+z;  Ms 
p    •!■).    (  H-   i>    '(»•),   ^  "i*.  !•    '^xi;  §  2y\.  p.  >»3:  §  10,  p.  379. 

.:>'h-*  "I  r  :mi(:  '  kmkm  >« .'  >-  Ih.  [HT  ^\.  \\\.  AS  the  allowabfe  unit  stress,  and  usas 
(III-  in  i\<iiMini  %  iltir  ("I  (Itr  iati<< .'  '.  [!u'  tiitiuiuuni  vaIuc  for  r  is  found  as  follows 

S  \  ij 

.  •        \  .•^.  ot   •     ■ =  0.77  m. 

1*5  I. '5 

p..  1.  ...-.?..  t'-.:  1  tvi  \  \  .'.y-  ':  .i;v  ^^rLM'.  *••  thac  for  a  wvfl  designed  3i«nc«rtherad5 
111  » ^1  tt.  '.»  .',-  ■■  I  ■■.   •«-•  i\-,-,  ^■'  ■.  ■•    v  .T*  •...•.■■•.  .■■.;.;.i.'.  i5  I'ractkubie.     TTxos  c'lft^LCgm  ss  Atii- 

i»*  '  -'1   \   tit^/.  ^  «•    I  ■    s.;    -.■  \'\;'»..  ■* '■  •  •.    o'^'j  :'.  ":xv.  .'Cw. 

\  ■■».        ■■  N-.».=        ■>»■•   -'  '     \  :     .*".:V>.   *,  ■.::.  rack  :•-»  bock.  wtcSr  sttxz  is^*  "jracd 

«  N  »*    :     •  ■       .:  '■  .:  -'-'?  •■-..     "i.:ic  10  .  ^ac  valme  5jr  .iaii»  X-X  being 
I  '.-    *  t  •»•*     Ac,%  V  V  x"'.'  \i:\'<z  •^■^'.  scrvstf  as  rkisit.'«  «  pjjJCO  —  TuZr 

■*  \  ■  * 


I     I 


-?  ft,-.    lU 


DOUBLE   ANGLE   STRUT. 


W7 


requirement  U  found  so  as  to  guide  in  the  selection  of  angles  but  is  rarely  a  satisfactory  section, 
cjtcept  for  a  long  member  with  low  stresses,  such  aa  lateral  bracing. 

Try  two  angles  4"  X  3"  with  the  short  legs  turned  out,  ?i  in.  back  to  back.     From  Tabic 
40  it  is  seen  that  for  any  thickness  the  least  radius  of  gyration  will  be  about  the  axis  X-X,  and 

.will  be  about  1.26  in.,  giving  an  allowable  unit  stress  of  fa  =  16,000  —  70  X  "TV-r"  =  10,670 

per  aq.  in.,  which  rc<]uires  an  area  of  50,000  -i-  10,670  «■  4.68  «q.  in.  The  area  of  2  angles 
4"  X  3"  X  5^"  =■  4.96  sq.  in,,  which  will  satisfy  the  conditions.  If  the  estinjated  radius  of  gyra- 
tion does  not  agree  closely  enough  u'ilh  the  actual  radius  of  gyration,  another  calculation  should 
be  made,  but  this  is  not  often  necessary. 

The  spacing  of  t  he  washers  should  be  such  that  the  /  >  of  one  angle  between  the  washers  in  not 

8  X  12 
Iter  than  the  Ifr  for  the  whole  member,  or  llr  = ^~ 

1.2D 

0.64  being  the  least  radius  of  gyration  of  one  angle  4"  X  3" 
the  center  will  be  sufficient. 


=  76.2,  i  -  76-*  X  .64  «  48.7  in., 
X  H"  (Table  24).     One  washer  in 


xWx 

bd 

Fig.  5.    Double  Angle  STRtrr. 


If  lengths  about  the  two  axes  are  different,  as  is  often  the  case  in  roof  trusses  and  portals,  the 
greatest  value  for  t/r  should  be  used,  the  corresponding  k-ngth  and  radius  of  gyration  being  taken; 
for  example  in  designing  the  member  th-d,  Fig.  5,  as  a  strut  the  length  corresponding  to  the  axis 
Y-Y  is  12'  o",  and  to  the  axis  X-X  is  6'  o".  To  make  an  cfHcient  member  the  long  legs  should 
be  turned  out  and  r^  should  be  equal  to  3  X  r«. 

The  minimum  allowable  values  of  r«  and  fy  arc  found  as  follows,  1 


l(r  -  125,  Tm  - 


"5 


6  X  12 
125 


«  0.58  in.; 


/,     ^  t2  X   t2 


1.15  in. 


From  Table  39  it  is  seen  that  any  2^"  X  2"  angle  with  long  legs  turned  out  and  *»  in.  back 
to  back  Is  the  smallest  angle  which  will  satisfy  the  requiruments  fur //r,  r*  =*  o.58in.andr«  »  1. 26 
in.  (approx.).  Thr  values  for  t/r  arc  124  and  114,  respectively,  124  being  the  greater.  The 
allowable  unit  stress  is  then 

/<  »  16,000  -  70  X  134  *  7.330  lb.  per  Bq.  in. 

If  the  stress  in  6-c  is  the  same  as  that  in  c-d,  19,000  lb.  compression,  the  nx|uired  area  is, 


'-h 


19.000 
7.330 


2.60  M\.  in. 


which  will  be  taken  by  2  angles  2^"  X  2"  X  5/l6".  having  f,  -  O.58  in.,  and  /-,  -  1.26  in. 
(Table  39),     If  the  stresses  in  b-£  and  c  -rf  arc  not  equal  proceed  as  above  and  design  for  the 
maximum.     The  ppacing  of  the  washers  should  not  be  greater  than,  /  »  124  X  0.42  ■*  52.1  in., 
0.42  in.  being  the  k^ast  radius  of  gyration  of  one  angle  2^4'  X  3"  X  5/i6". 
38 
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If  the  coatroHing  strcaB  were  38*000  lb.  compressioa,  the  required  area  for  3^"  X  2"  ang^ 
would  be 

.       P      38.000 

il  —  7-  = —  5.20  sq.  m. 

/.       7.320       ^      ^ 

which  could  not  be  supplied  by  two  2>^"  X  2"  angles,  so  that  two  zH"  X  3"  aisles  will  be  used 

for  which,  r^  =  0.90  and  r,  =  1.66  for  ^^g  in.  back  to  back,  the  values  of  /  r  are ■■  80  and 

0.90 

j-r—  —  86.8,  respectively,  and  the  allowable  unit  stress  is,  /«  =  16,000  —  70  X  86.8  ■■  9*930 

lb.  per  sq.  in.,  requiring  an  area  of  i4  —  30,000  -s-  9,930  —  3.83  sq.  in.,  which  will  be  furnished 
by  two  angles  3H"  X  3"  X  5  16",  The  spacing  of  the  washers  should  not  be  greater  than, 
/  =  86.8  X  0.63  =  54.6  in.,  0.63  in.  being  the  least  radius  of  gyration  of  one  angle  3H"  X  3" 
X  5,'i6".  These  results  may  be  obtained  by  the  use  of  Tables  43, 44  and  45,  from  which  it  is  seen 
that  the  allowable  stress  in  a  member  composed  of  two  angles  3H"  X  3"  X  5/16"  about  axis 
i-i  ( Y-Y),  the  length  being  12'  o",  is  38,000  lb.,  and  about  axis  2-2  (.V-X).  the  length  being  6'  o", 
is  40,000  lb.,  and  the  allowable  load  will  be  38,000  lb. 

Two  An^es  Starred. — Design  a  member  consisting  of  two  angles  starred,  as  in  Fig.  6,  to 
cany  a  compressive  stress  of  30,000  lb.,  the  length  to  be  15'  o"  center  to  center  of  connections. 

Rtferences.—l  34.  p.  57;  S  84,  p.  60;  (  100,  p.  61. 

Solution. — Using  125  as  the  maximum  value  of  //r,  and  /.  =  16.000  —  70 //r  lb.  per  sq.  in. 
as  the  allowable  unit  stress,  the  minimum  allowable  value  of  r  is  found  to  be 

,,  /         15  X  12 

llr  =  125,  f  «  —  —  -^ —  144  in. 

'  ^  125         125  ^^ 


frt7^^ 


;       J-5  J-5    '      :        3-9       \     3-9      \     \        Section  m-m, 

:  _- i^JJLl -.^ 

Fig.  6.    Two  Angles  Starred. 

From  Table  67  it  is  seen  that  4"  X  4"  angles  are  the  smallest  equal  leg  angles  that  can  be 
used,  and  that  r  will  be  about  1.56  in.,  and  the  aIloA^*able  unit  stress  is 

fc  =  16,000  —  70  X  -^    ,—  =  7t920  lb.  per  sq.  in., 


which  requires  an  area  of 


.       P      30,000 
^  =  7-  -  "^      —  ~  3.79  sq.  in. 


The  area  of  two  angles  4"  X  4"  X  K"  is  3.88  sq.  in.,  and  r  =  i  .57  in.,  which  will  satisfy  the  condi- 
tions.    The  batten  plates  must  have  a  spacing  of  not  more  than 

/  =  -^-i^Xo.79  =  75m.  =  6'3"; 

the  value  of  0.79  in.  being  the  least  radius  of  gyration  for  one  angle  4"  X  4"  X  Ji"  (Table  23), 
Convenience  in  detailing  may  make  it  advisable  to  make  /  much  less  than  6'  3".  A  spacing  of 
3'  9"  was  used  as  shown  in  Fig.  6. 


PLATE   AND' 


COLUMN. 
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^  llPltte  tnd  Angle  Column.— Design  a  plate  and  angle  column.  Fig.  7.  to  carry  an  axial  load  of 
340|iObo  lb.,  the  unsupported  length  being  16'  o". 

Rrferences.^  34.  p.  57;  i  38,  p.  57;  8  79.  P-  60;  1 94,  p,  61 ;  8  96,  p.  61 ;  J  100,  p.  61 ;  (  1 14, 
p.  62;  §9,  p.  104;  I  12,  p.  104;  §  17,  p.  104. 

Solution. — A  section  with  a  1 2  in.  web  plate  and  two  14  in.  flange  plates  will  be  assumed.  The 
angles  will  be  spaced  12.1:2  >n>  tack  to  back  to  allow  for  an  o\*cr-n]n  in  the  web  plate  without  inter- 
fering with  the  cover  plates. 

The  radius  of  g>'nition  about  the  axis  A~A,  Fig.  7,  is  approximately  0.45  X  12.5  »  5.62  in. 
(Table  136),  and  about  the  axis  B~B  is  0.33  X  14  =  3.22"  (Table  136}.  The  axis  B-B  will 
control  the  design.     The  allowable  unit  stress  is 

ft  »  16,000  —  70 />  lb.  per  sq.  in.  =  16.000  —  70  X *=  11,800  lb.  per  sq.  in. 

which  requires  an  area  of 


"  /.  "  u,8oo^ 


28.8  «iq.  in. 


Try  a  section  consisting  of  four  angles  6"  X  4"  X  ?^"  with  long  legs  turned  out,  and  12  5^ 
in.  bock  to  back,  one  web  plate  12  in.  X  }i  in.  and  two  Hange  plates  14  in.  X  ^/i  in.  The  prop- 
enics  of  various  sections  are  given  in  Table  70.  The  properties  of  sections  are  calculated  as 
shown  at  the  bottom  of  the  table.  The  radius  of  gyration  about  the  axis  A-A  is  found  to  be 
^A  =  3  58  in.,  about  the  axis  B-B  is  rs  =  3- 14  in.,  and  the  area  29.44  sq-  in. 


Fic.  7.    Plate  and  ANca.E  Column. 


For  this  section  the  ratio  l!r  *  16  X  I2''3.i4  «  61.2  which  satisfies  the  specification  that 
the  maximum  value  of  Ijr  is  125.     The  allowable  unit  stress  is, 

/«  «  [6,000  —  70  X  61.3  -  11,700  lb.  per  sq.  ia.| 
and  the  required  area  is, 

j4  a  -  =  340.000  ^ 


/«       11,700 


29.1  sq.  in. 


The  arra  provided  by  the  above  section  is  29.44  sq.  in. 

Expansion  Rollers. — Design  the  rollers  for  the  expansion  end  of  a  single  track  railway  bridge 
of  175  ft.  span,  the  dead  load  stress  licing  110,000  lb.,  the  live  load  stress  being  282,000  lb.,  and 
the  impact  178,000  lb.     ToUl  stress  «  570,000  lb- 

Rfferences. — \  19,  p.  209;  \  60,  p.  212;  \  62,  p.  206;  §  62,  p.  212. 

Solution. — The  5i>an  being  short  a  6  in.  roller  will  be  umxI.  The  allowable  stress  per  linear 
inch  of  rollers  is  600  X  d,  when  impact  is  considered,  giving  600  X  6  «■  3,600  lb.  for  6  in.  rollers. 

The  number  of  linear  inches  required  is.  57o.o(K) '3,600  »  158  in. 

Five  rollers  32  in.  long  provide  5  X  32  «-  160  linear  inches  and  occupy  a  space  about  32  inches 
flquarc. 

For  highway  bridge  expansion  rollem.  see  §  41.  p.  141:  \  82,  {  83,  §  84,  p   T44. 

For  n-j.if  tru-vs  cxpaiisiun  rollers,  «^  {I  7,  p.  55:  $  33.  p.  57;  $  I17,  p.  62;  $  15.  p    104. 

MEMBERS  IN  FLEXURE.— The  designof  structural  members  stressed  in  flexure  will  be  shown 
by  several  examples. 

I-Beun. — Select  an  l-Rcam  to  carry  a  uniform  load  of  1000  lb.  per  linear  foot,  the  span  being 
16*  o"  and  the  ends  simply  supfmrted. 
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References.— ^3i,p,  57;  542,p.58;  545»p.58;  }  14.  P- 104;  J39.P'I4M  S50,p.i4a;  §55. 
p.  142;  1 17,  p.  309;  §  39,  1 50,  p.  3IO.  Properties  of  Carnegie  I-Beams  are  given  in  Tables  7  to 
13  inclusive.  Properties  of  Bethlehem  Girder  and  I-Bcams  are  given  in  Tables  151  to  160^ 
inclusive. 

Solution, — ^The  bending  moment  is 

M  =»  Hw-/»  ^  HX  1000  X  ifi'  *-  32,000  ft.-lb.  ^  33,000  X  13  in.-lb.  «  384,000  in.-lb. 
From  applied  mechanics, 

c 
The  section  modulus  required  is  then, 

„      I      M     384,000      ^       .    , 

5  -  _  =  -_  =  ijr .  —  24.0  in.» 

c       J        16,000         ^ 

The  section  modulus  of  a  9  in.  /  @  35  lb.  is  34.8  in.",  and  of  a  10  in.  /  @  35  lb.  is  34^  in.*  (Taole 
7),  either  of  which  will  carry  the  load,  but  the  xo  in.  /  @  35  lb.  being  lighter  is  the  more  economical, 
and  being  the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments  in  ft.-lb.  for  I-Beams,  using  a  fiber  stress  of  i6,ooo  lb.  per 
aq.  in.,  are  given  in  Table  7.  The  I-Beara  could  have  been  selected  directly  from  the  moment 
making  use  of  these  values.  The  allowable  bending  moments  for  other  unit  stresses  are  propor- 
tional. 

The  safe  uniform  load,  in  tons,  for  I-Bcams  are  given  in  Table  13,  uung  a  fiber  stress  of 
16,000  lb.  per  sq.  in.  The  I-Beam  could  have  been  selected  directly  from  the  load  by  usii^ 
this  table.     Safe  loads  for  other  unit  stresses  arc  proportional. 

If  the  I-Beam  is  not  supported  to  prevent  lateral  deflection  the  allowable  fiber  stress  must  be 
reduced  by  the  compression  formula  as  shown  in  Table  I3a. 

Design  an  I-Beam  14'  o"  long  to  carry  a  concentrated  load  of  P  =  30,ooo  lb.  at  the  center 
of  the  beam.  The  maximum  moment  is  at  the  center,  and  is,  M  ~  ^iP-l  ■=  K  X  30,ooo  X  14 
=  70,000  ft.-lb.  =  840,000  in.-lb. 

The  required  section  modulus  is,  5  =  MIf  »  840,000  -f  16,000  =  52.5.  In  Table  7,  the 
lightest  beam  that  will  carry  the  load  is  a  15  in.  /  @  43  lb.,  which  has  a  value  (tf  5  ■*  58.9  in.', 
and  a  bending  moment  of  79,000  ft.-lb.  A  12  in.  /  @  55  lb.  will  also  carry  the  load,  but  is  not  an 
economical  section.  A  concentrated  load,  P,  at  the  center  will  give  the  same  maximum  stresses 
as  a  uniformly  distributed  load  of  2P.  From  Table  12,  a  15  in.  /  @  42  lb.  will  carry  a  uniformly 
distributed  load  of  22  tons,  which  is  sufficient. 

Two  I-Beams  with  Separators. — Design  a  girder  consisting  of  two  I-Bcams  fastened  together 
by  means  of  separators,  the  girder  having  a  span  of  16'  o''  and  carrying  a  uniform  load  of  3,ooo 
lb.  per  linear  ft. 

/?r/frcnc«.— §  33,  p.  57;  §  19,  p.  105;  §39,  p.  141;  §  17,  p.  309;  §30,  p.  210. 

Solution. — The  bending  moment  is 

M  =  \  «r./«  =  J  X  3000  X  16*  =  64,000  ft.-lb.  -  798,000  in.-lb. 
From  mechanics, 


c       ■' 


The  section  modulus  required  is. 


5  =  / =  ^  =  79?^°°?  =  48.0  m.' 

c       /        16,000       ^ 

Each  I-Beam  must  have  a  section  modulus  of  )  X  48.0  »  24.0  in.'  The  section  modulus 
of  one  9  in.  /  @  36  lb.,  is  24.8  in.'  and  of  one  10  in.  /  @  25  lb.,  is  34.4  in.',  either  of  which  will 
carry  one-half  the  load,  but  the  10  in.  /  @  25  lb.  being  lighter  is  the  more  economical,  and  being 
the  minimum  section  is  more  easily  obtained. 

The  allowable  bending  moments,  in  ft.-lb.  for  I-Bcams,  using  a  fiber  stress  of  16,000  lb.  per 


■q.  in.  arc  given  in  Table  7.  The  I-Bcaras  could  have  been  selected  directly  from  the  moment 
making  use  of  those  values. 

The  safe  uniform  load,  in  tons,  for  I-Bcams  is  given  in  Tabic  12,  using  a  Aber  stress  of  16,000 
lb.  per  sq.  in.     The  I'UeamK  could  have  bitrn  sclcctcti  directly  from  the  load  using  this  tabic. 

If  the  girder  is  not  supported  to  prevent  lateral  deflection  the  altowahL'  Ahxr  stn-sj*  must  be 
reduced  by  the  coniprcs&itjti  formula  as  shown  in  Table  ua. 

The  separators  for  Carnegie  l-Beams  are  gi\*en  in  Fig.  4,  page  83,  Chap.  II.  The  separators 
for  Bethlehem  twams  are  given  in  Tabic  158. 

Plate  Girders. — The  full  discussion  of  the  design  of  plate  girders  would  require  more  space 
than  is  available.     The  following  notes  will  be  of  value. 

Rfferences. — The  following  references  should  be  consulted. 

Weights.— \\  115:  p.  150;  p.  151;  p.  152:  p.  153;  p.  155:  p.  156:  p.  158. 

Bending  Moments  and  Shears. — Pages  159,  163,  164,  165,  166,  167,  173,  174. 

Vnil  Stresses.—^  33.  \  35,  %  36.  p.  57:  §  42,  \  43.  p.  58;  \  36.  %  37.  §  39.  §  40,  {  41,  {  44.  p. 
141:  §50.  §5><  $5^.  &53'  $54*  P<  14^:  iH<  §  ^<  P*  3o6;  ^  14.  §  15.  §17,  (  18,  §  19,  p.  209:  §39, 
530,  p.  210. 

Proportion  of  Parts. —^  3.  p.  55;  $  43,  p.  58:  |  3,  p.  137:  p.  202;  p.  203;  $  26,  5  29,  §  30,  §  77, 
p.  206;  J  79,  p.  207:  526.  527.  1  29,  §31.  §3^.  538.  p.  iio;  557,  p.  211;  §77.  §78.  §79.  P-  212; 
S  80,  p.  313:  pages  320,  321,  233. 

Details. — Pages  54,  123,  124,  189,  190. 

The  gross  and  net  arras  of  angles  are  given  in  Table  39;  Area  of  Plates,  Table  I ;  Areas  to  be 
Deducted  for  Rivet  Holes,  Table  116:  Moments  of  Inertia  of  Angles,  Tables  32,  33  and  34; 
Moments  of  Inertia  of  Web  Plates,  Table  3:  Moments  of  Inertia  of  Cover  Plates,  Table  5;  Prop- 
erties of  Plate  Girders,  Table  87;  Centers  of  Gravity  of  Plate  Girder  Flanges,  Table  88. 

Nomenclature.— The  following  nomenclature  will  t>e  used. 

M   •"  resisting  moment  of  station. 

V  «  vertical  shear  at  section. 
/      —  allowable  unit  fiber  stress. 
/      =  moment  of  inertia  of  gross  section. 
/'     —  moment  of  inertia  of  net  section. 
/»    «  moment  of  inertia  of  gross  section  of  web  plate. 
/»'  ■=  moment  of  inertia  of  net  section  of  web  plate. 
Ar  ^  gross  area  of  one  flange. 
A^  ^  net  area  of  tension  flange. 
A^  »  gross  area  of  web. 

k      »  distance  between  centers  of  gravity  of  flanges. 

k'    *  distance  between  gage  lines  of  rivets  in  tension  and  compression  flanges. 
d     "  distance  back  to  back  of  angles  in  flanges. 
c      •  distance  from  neutral  axis  to  extreme  fiber. 
p     =  pitch  of  rivets  in  flanges. 
r      ■•  allownble  resistance  of  one  rivet. 

V  ■  concentrated  load  per  unit  length  of  rail  -  P!l  where  P  «  concentrated  load  and 

t  —  distance  over  which  the  load,  P,  is  considered  as  distributed  (see  §  5,  p.  202). 
3/1    »  numl>er  of  rivets  on  one  hide  of  web  splice. 
Resisting  ^foment. — There  arc  four  methods  now  in  use  for  determining  the  resisting  moment 
O*  a  plate  girder  section. 

(l)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges  (see  §  29,  p.  206), 

M^Ar'fh  (I) 

(a)  Attuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area  (see  §  43, 
p.  58;  I  50,  p.  142;  §  29.  p.  ao6), 


I  

: 
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(3)  By  moment  of  inertia  of  net  section  (see  f  42.  p-  5^;  I  S^t  p-  ^42;  f  29*  P-  3<^)t 


(I") 


(I'") 


(4)  By  moment  of  inertia  of  grosa  section  (used  by  American  Bridge  Ca  for  plate  girders 
for  buildings), 

J/ =^— 
c 

Xsvels  in  Flanges  Which  do  not  Carry  ComxnSrated  Loads. 
(i)  Assuming  that  all  bending  moment  is  carried  by  flanges. 


nil 

11:11 


i 


0  iP_» 


DOC        00 


0044 


Fig.  8.    Web  Splice  for  Plate  Girder. 


Fig.  9.    Web  Spuce  for  Plate  Girder. 


(2)  Assuming  that  one-eighth  the  gross  area  of  web  is  available  as  flange  area, 

^    '    Ay      ^  V 


(3)  By  moment  of  inertia  of  net  section, 


ar/' 


^^  V'Ar'-h 


(4)  By  moment  of  inertia  of  gross  section, 


2r'I 


Rivets  in  Flanges  Carrying  Concentrated  Loads. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 


(2)  AssumiI^^  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

r 


p^—=. 


V\* 


(3)  By  moment  of  inertia  of  net  section. 


i^tn' 


(2) 

(3) 

(4) 
(5) 

(6) 

(7) 
(8) 
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(4)  By  moment  of  inertia  of  gross  section, 


P  - 


p*{'^)- 


(9) 


Rivets  Connecting  Cover  Plates  to  Flange  Angles. 
(i)  and  (2).     Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

nrd-Ay  . 


Y'a: 

number  of  rivets  on  one  transverse  line, 
value  of  one  rivet  in  single  shear  or  bearing, 
distance  back  tu  back  of  angles, 
total  net  area  of  cover  plates  in  one  flange. 


where  n 

r 
d 

a: 

(3)  By  moment  of  inertia  of  net  scctioai 

P  = 


where  A/  "  total  net  area  of  cover  plates  in  one  flange. 

Ac  ^  distance  Ix'tween  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 
(4)  By  moment  of  inertia  of  gross  section, 

r'nl-r 


P^ 


(li) 


V'A,-h. 

where  Ac  '^  total  gross  area  of  cover  plates  in  one  flange. 

he  —  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  alt  cover  plates 

in  c(jmpression  flunife. 

Web  Splice. —An  ordinary  web  splice  is  shown  in  Fig.  8.     Where  splice  plates  arc  designed 

to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  9  is  sometimes  used. 

Plates  AB  and  A'B'  are  assumed  to  transfer  that  fiart  of  the  moment  carried  by  the  web,  and 

jitate  CD  to  transfer  the  shear.     Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 

kliced.     The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 

^except  when  the  first  method  for  proportioning  the  section  is  used.     The  rivet  most  remote  from 

the  neutral  axis  is  the  most  severely  stressed. 

(1)  Assuming  that  alt  the  bending  moment  is  carried  by  the  flanges, 

V  V 

f  =        ,  and  2n  -  —  C13) 

2n  r 

(3)  Assuming  that  one-eighth  the  area  of  web  ia  available  as  flange  area.    The  streas  in  the 

outermost  rivet  is  given  by  the  formula,  where  M*  ia  moment  carried  by  web, 


ikr^m 


(14) 


(3)  By  moment  of  inertia  of  net  section, 
formula: 


The  stress  in  the  outermost  nvet  is  given  by  the 


(15) 


(4)  By  moment  of  inertia  of  gross  section, 
formula 


The 


in  the  outermost  rivet  is  given  by  the 


'-Vis)  +i7-l2?j 

For  the  details  of  a  web  splice,  ace  Fig.  16. 


(16) 
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I^n^e  Splict. — l^langes  should  never  be  spliced  unless  it  is  impossiljlc  to  get  material  of 
the  required  length.  Flange  splices  should  alwnys  l>c  located  at  points  where  there  is  an  excess 
of  flange  section,  no  two  parts  of  the  flange  should  be  spliced  within  two  feet  of  each  other,  Rivrta 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  transfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  spliced 
members  of  the  compression  fl«ingc. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  ri\*ctcd  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible  the  largest  possible  splice  angle  should  be  used  and  the 
diflTerencc  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  number  of 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  the  formula. 


r 


(17) 


where/  »  the  altowablo  unit  stress  in  the  flange,  A  ^  area  of  spliced  angle,  and  r  «  the  allow- 
able  stress  on  one  rivet.  Rivets  which  are  already  considered  as  transferring  the  shear  may  be 
considered  as  splice  rivets  if  they  are  includcrJ  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.  The  numlier  of  nwXA 
requiretj  in  the  spHcc  plate  on  each  side  of  the  joint  is  determined  by  the  above  formula  if  the  pUtes 
are  in  direct  contact  in  the  same  way  as  for  splice  angles.  Where  one  or  more  plates  interx-cne 
between  the  splice  plate  and  cover  plate  which  it  splices,  ri-vcts  should  l>c  used  on  each  side  of  the 
joint  in  excess  of  the  number  rcquirc>d  in  case  of  dirvct  contact,  to  an  extent  of  one-third  that 
number  for  each   intervening  plate  {wtx  \  79,  p.  144,  and  §  57.  p.  211). 

The  above  methods  for  flange  splicing  apply  only  when  methods  (i)  and  (2)  of  profjortioning 
aectiona  are  used,  but  may  be  used  with  sulFicient  accuracy  when  methods  (3)  and  (4)  are  used. 
Strictly  8p('aking  for  methixls  (3)  and  (4)  splice  angles  and  plates  should  have  moments  of  inertia 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the 
neutral  axis.  An  exact  analysis  for  the  number  of  rivets  required  in  splicea  would  give  a  les» 
number  than  obtained  from  above  formula. 

Siiffeners. — For  method  of  designing  stiffeners  see  I43,  p.  58;  5  52,  p.  142;  579,  p.  307; 
5  79,  p.  212:  p.  221. 

Pins  and  Pin  Packing. — A  pin  under  ordinary  conditions  is  a  short  beam  and  must  be  designed 
(i)  for  bending,  (2)  for  shear,  and  (3)  for  bearing.  If  a  pin  becomes  bent  the  distribution  i:»f  the 
loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  /,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
/  -«  M-cfl,  where  the  maximum  bending  moment*  M,  is  found  as  explained  later;  /  is  the  moment 
of  inertia;  and  c  is  one-half  the  radius  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  sfwcificaiions  arc  for  a  uniform  distribution  of 
the  shear  over  the  entire  cross-section,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  \w  equal  to  the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  pin. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  fnund  by  multiplying  the  thickness  of  the  bearing  plates  by  the  diameter  of  the  pin. 

References. — S41,  p.  58;  §90,  p.  61:  §99,  p.  61;  5  >07,  p.  62:  5  39.  P-  M>;  5  40  and  §41, 
p.  141:  574.  P-  M3:  575.  P-  143;  576,  p.  143:  692.  p.  144;  6  141.  P-  145:  514*. 
p.  146;  5  17.  P-  ^09:  5 18.  p.  209;  519,  p.  209:  528,  p.  210;  552.  p.  211;  554,  p. 
216;  p.  219;  p.  220;  p.  402. 

Details  of  Pins. — Details  of  bridge  pins  are  given  in  Table  95.  Part  II. 

Stresses  in  Pins. — The  method  of  calculation  will  be  illustrated  by  calculating  the  streases  in 
the  pin  at  Ui  in  (a)  Fig.  to.  In  the  complete  investigation  of  the  pin  ^1,  it  would  be  necessary 
to  calculate  the  stresses  when  the  stress  in  U\Ut  was  a  maximum,  and  when  the  stress  in  fiZ^ 
was  a  maximum.  Only  the  case  where  the  stress  in  Ui  f/j  is  a  maximum  will  be  considered.  How- 
ever«  maximum  stresses  in  pins  sometimes  occur  when  the  stress  in  UiLt  is  a  maximum,  and  this 
case  should  be  considered  in  practice. 


p.  145:  5  144. 
2ti;  §  J36,  p- 
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Binding  Momrnt. — The  stresses  in  the  members  are  shown  in  {c)  Fig.  lO,  which  gives  the 
force  polygon  fur  the  forces.  The  make-up  uf  the  members  is  shown  in  (a),  and  the  pin  packing 
on  one  side  is  shown  in  (6).  The  stresses  shown  in  {c)  are  applied  one-half  an  each  side  of  the 
member,  the  pin  acting  like  a  simple  beam.  The  stresses  are  assumed  as  applied  at  the  centers 
of  the  plates  which  make  the  members. 


iMPf. 
^Pl. 


■OMi 


iwtbPii'Pi, 

f 


UiL, 


i'PL  jr^ 

Pin  PacKrng. 
(b) 


K/WIW"*H«2aH 


i>^-/.6B- 


?j*-*k/i!^'9ebrarc  Moments. 


Force  DiaqrarY\-3\rQ^^e^ 
CO) 


u 


u. 


(CI) 

Tbtext  Moment  at  4Sra 


I  Moments  at 
Si   \\Z'm400'0.5i--d7660 

s  l^f'cal  Compontnty, 
\  Moments  at 
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6-'f705OO'iO6 
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CaladaUon  of  Stresses  in  a  Pta.— The  amounts  of  the  forces  and  the  distances  between  their 
points  of  application  as  calculated  from  {b)  are  shown  in  ((/)  Fig.  lu.  The  horiz^>nta1  and  vertical 
components  of  the  forces  are  considered  separately,  the  maximum  horizontal  bonding  moment 
and  the  maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant 
moment  is  then  found  by  mc-ans  of  the  force  triangle. 

In  {d)\\\Q  horizontal  bending  moments  are  calculated  about  the  points  1.3.3.  4:  the  maximum 
horizontal  moment  is  to  the  right  of  3,  and  is  208.600  in. -lb.  The  vertical  trending  moments  are 
calculated  about  points  5,  6,  7,  8;  the  maximum  bending  moment  is  to  the  right  of  8,  and  is 
283.000  in.-lb.  The  maximum  bending  moment  is  at.  and  to  the  right  of  4  and  8,  and  is,  M  « 
V3oB,6og'  4-  283.000*  -  351.600  in.-lb.  Substituting  in  the  formula,  /  =  M-cil,  the  maximum 
bending  stress  is/  •>  16,600  lb.  per  sq.  in.  The  allowable  bending  stress  in  pins  for  which  this 
bridge  was  designed  was  18,000  lb.  per  square  inch.  The  allowable  bending  moments  on  pin 
arc  given  in  Table  98. 

Shear. — The  shear  is  found  for  both  the  horizontal  and  vertical  components  as  in  a  simple 
beam,  and  is  equal  to  the  summation  of  all  the  forces  to  the  left  of  the  section.  The  maximum 
horizontal  shear  is  between  i  and  2.  and  is  165,400  lb.  The  shear  between  3  and  3  is  165,400 
*"  99*300  >-  66,100  lb.  The  maximum  vertical  shear  is  between  6  and  7,  and  is  126,300  lb.  The 
recultant  shear  between  2  and  3,  and  6  and  7,  is,  V  =•  V126.30O*  -f-  66,100"  =  145.000  lb.,  which 
IS  loB   than   the   horizontal   shear  between  i  and  2.     The   maximum  shear,  therefore,  comca 
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between  I  and  2,  and  is  165,400)6.     The  maximum  shearing  unit  stress  is  165400  -i-  28.37* 
5,850  lb.  per  sq.  in.     The  allowable  shearing  stress  was  9,000  lb.  per  S€\.  in. 

Bearing, — The  bearing  stress  in  LoUi  is  160,650  -i^  (5  X  1.94)  ==  13.800  !b.  Bearing  stress 
in  UiUj  is  165,400  -h  (6  X  1.88)  =  14,600  lb.  Bearing  stress  in  UiLi  is  42,200  -!-  (6  X  0.89) 
-  7,900  lb.  Bearing  strvsa  in  U1L2  is  107,000  -i-  (6  X  lA)  =  12,400  lb.  per  sq.  in.  The 
allowable  bearing  stress  was  15,000  lb.  per  sq.  in.  Allowable  bearing  stresses  on  pins  arc  given 
in  Tabic  97. 

For  the  calculation  of  the  stresses  in  the  pins  of  a  160  ft.  steel  highway  bridge,  see  the  author^s 
*'The  Design  of  Highway  Bridges."  Chap.  XXII,  Part  111. 

Pin  Packing. — For  details  of  pin  packing  see  pages  219,  220  and  page  402.  Details  of  pins 
are  given  in  Table  95,  Part  II. 

Corrugated  Steel  Roofing. — For  the  calculatir»n  of  the  strength  of  corrugated  steel  and  for 
a  diagram  for  the  safe  loads  for  corrugated  steel,  sec  Fig.  18,  Chap.  I,  page  22. 

Bearing  Plates. — The  bearing  plates  required  for  beams  and  columns,  Fig.  II,  may  be  deter- 
mined by  the  following  Inrmubs. 

Let  R  »  reaction  of  beam  or  load  on  column. 
A  —  area  of  bearing  plate. 
w  =  allowa})Ie  unit  pressure  in  masonry. 
/  =  allowable  fiber  stress  in  plate. 
p  —  projection  of  bearing  plate  beyond  any  edge  of  beam  or  colimm. 

Area  of  bearing  plate. 


P       P 


W//?//////,       \/////A 


7^^7777^: 


Fig.  it.     Bearing  Plates. 


R 

w 

Thickness  of  bearing  plate  required  by  a  given  projection. 


Safe  projection  for  a  given  thickness  of  plate, 


>-r-d-'<i. 


(19) 


(20) 


The  allowable  pressures  of  bearing  plates  on  masonry  (value  of  w)  arc  given  In  Table  VIII, 
P*gc  >7S-  Standard  bearing  plates  for  I-beams  arc  given  in  Table  8;  for  channels  in  Tabic  15. 
The  length  of  I-beams  which  should  bear  on  plates  in  order  that  the  full  shearing  strength  be 
developed  ts  given  in  Table  il;  and  of  channels  in  Table  16. 

For  a  full  discussion  of  bearing  plates,  see  Bulletin  No.  35,  University  of  Illinois  Engineering 
Experiment  Station,  entitled  "A  Study  of  Base  and  Bearing  Plates  for  Columns  and  Beams," 
by  Professor  N.  Clifford  Rirker. 

COMBINED  FLEXURE  AND  DIRECT  STRESS.— The  formulas  for  combined  flexure  and 
direct  stress  are  given  in  section  26,  Chapter  XVI.  The  design  of  members  stressed  in  com- 
bined flexure  and  direct  stress  will  be  shown  by  several  examples. 

Eye-Bar. — An  eye-bar  in  a  structure  carries  a  direct  stress  due  to  the  dead  and  live  loads, 
and  in  addition  is  stressed  in  flexure  due  to  its  own  weight. 


DfRECT 


If  P  =  direct  stress  in  eye-bar;  Afi  =  bcmling  moment  Hue  to  weight  in  in. -lb.;  c  =  distance 
from  neutral  axis  to  extreme  fiber  —  h/2,  where  H  =  depth  of  eye-bar;  /  =•  length  uf  bar,  c.  to  c, 
of  pins,  /  =  thickness  of  eye-bar  in  inches;  /  ■■  moment  of  inertia  of  eye-bar  »  1*1  /A*;  A  is  a 
coefficient  depending  upon  the  condition  of  the  ends  being  approximately  lo  for  eye-bars  with  pin 
ends,  34  for  one  pin  end  and  one  fixed  end,  and  32  for  two  fixed  ends;  E  =  modulus  of  elasticity 

p 
dL  eteel  =»  28,000,000   lb.    per   aq.    in.;   and  /i  =  7^  =  unit  stress  due  to  direct  loads.     Then 

the  stress  due  to  combined  flexure  and  direct  strciis  will  be 


/-/.+/i 


tk 


+ 


My   C 


(21) 


Now,  M\  -  \w-P,  where  w  «  0.28  th  =  the  weight  of  the  bar  per  lineal  inch;  P  ^  fi-t-h; 
€  =  /1.2;  /  »  i';/A';  k  "■  10;  and  E  —  38.000,000  lb.  per  sq.  in*;  and  substituting 


/»- 


A*M 


13  10  X  38,000,000 


ft'b'k'l' 


ft  +  23.000.000  (jj 


(22) 


then  /i  is  the  extreme  fiber  stress  in  the  bar  due  to  weight,  and  is  tension  in  the  lower  fiber  and 
compression  in  the  upper  fiber. 

If  the  bar  is  inclined,  the  stress  detained  by  formula  (23)  must  be  muUiptied  by  the  sine 
of  the  angle  that  the  bar  make^  with  a  vertical  line. 

Diagram  for  Stress  in  Bart  Due  to  Weight, — Taking  the  reciprocal  of  equation  (22) 


25,000,000 


{?)■ 


4,900,000^ 


4,900,oooA 


=  yi  -hyi 


and 


A  diagram  for  solving  equation  (33)  is  given  in  Table  134,  Part  II,  which  sec.  The  interscitions 
of  the  inclined  lines  in  Table  134.  correspond  to  depths  of  eye-l:»ar  that  give  maximum  stresses 
due  to  weight. 

End-PoBt — Design  the  end-post.  Fig.  12,  for  a  i6o  ft.  span  through  highway  bridge.  Panel 
length,  20'  o";  depth  of  truss  c  to  c.  of  pins,  24'  o";  kngth  of  end-post.  31'  3".  The  direct 
stresses  arc  as  follows:  dead  load  stress  =  30,000  lb.;  live  load  stress  —  60,000  lb.;  impact  = 
100/(160  +  300)  X  60,000  -  13.000  lb.;  toul  direct  stress  due  to  dead  load,  live  load  and 
impact  —  103,000  lb.  The  bridge  is  to  be  a  class  C  bridge  designed  according  to  the  "General 
Specifications  for  Highway  Bridges."  in  Chapter  III.  From  5  38  of  the  specifications  the  allow- 
able unit  stress  is/c  =  16,000  —  70 iV.  T^e  section  will  be  made  of  two  channels  and  one  cover 
plate.  Try  a  section  made  of  two  10  in.  channels  @  15  lb.,  and  one  14  in.  by  5/16  in.  plate,  (fr). 
Fig.  12.  From  Table  82,  Part  Il.lheradiusof  gyration  al>out  the  horizontal  axis  ^-/i,  is  r^  «  3,99 
in.,  and  about  the  vertical  axis  B~B  is,  rg  «  4.67  in.,  and  the  eccentricity  is, «  -  1.70  in.     The 


allowable  stress  ia  then  f,  *  16,000  — ■■  9.400  lb.  per  sq.  in. 


The  required  area  will 

be  —  103,000  -i-  9,400  -  10.96  aq.  in.  The  actual  area  is  13.30  sq.  in.  WTiilc  the  section  ajv 
pears  to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
before  rejecting  it. 

The  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  oa  follows. 
To  calculate  the  ari.*a 

channels  (Table  14)  »    8.93  sq.  in. 

by  5/16  in.  plate  (Table  3)  -  ^38  sq.  in. 

-  13.30  sq.  in. 


area  of  two  10  in. 
area  of  one  14  in. 
Total  area 


^0i 
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To  W;ttfc  tbe  wtmxil  vm  A-A .  take  skn 


aboHC  the  V>v?redp  of  tke 


Tint  wrjrtttririty  »  <  «  ^-70  —  5/»  =  1.70  in.     The  mrjoexz  cl  i 

Ijh.  /«  ^  i  *A  channei)  aJxiut  oesKcr  of  cfaajuKb  ^Tabie  14.. 
/>  "  /  of  plate  a^xit  center  of  plate  'Table  4,-. 
At  *  ar«a  of  cfaanneb  Tai>Ie  14,. 
>4^  *  ana  of  pUte  '.Table  1^. 


^-J 


/,:    20^0'   L, 


i^ 


§^=^'^-15-1 


^e-LTir^,  e^ao-        ^  ?i.^. 
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Fic.  12.    Ekd-Post  of  a  Highway  Budge. 
Th*-n        /x  -  /«  +  /p  +  >tc  X  1.70*  H-  'Ip  X  3-456*. 

«  2  X  66.9  +  0.04  +  8.92  X  1.70*  +  4-38  X  3-456* 

"  i.W-H  +  0.04  +  25.76  +  52.20 
—  211.8*)  in.* 
Thr-n  f^  -  V/^  +  yl  «  ^211.80  +  13.3  -  3.99  in. 
Th<r  niotncnt  of  imritia  1^^  atMut  axis  B-B  may  be  calculated  as  follows. 
I^*t  //  »  /  of  channclH  alxjut  neutral  axis  parallel  to  the  web  (Table  14). 
Ip  =  /  of  pbite  alxiiit  vertical  axis  (Table  3). 
A,  «  an-a  of  channels  (Table  14). 

Krom  Table  82  the  distance  l)ack  to  back  of  channels  is  8'/^  in.     From  Table  14  the  distance 
from  nf'iitral  axis  to  back  of  channel  is  0.639  in.     The  i''stance  from  neutral  axis  of  channels  to 
axiH  H  H  Is  4.25  -f-  0.639  "  4.889  in.  ^4.89  in.  will  be  used). 
Th«-n  In  "  //  +  V  +  y1,  X  4-«9' 

-  4.6f)  4-  7146  +  9-Hi  X  4-89* 
«  4.60  +  71.46  4-  213.28 
"  289.34  '"•* 
Then  th  -  ^Ib  +  -4  -  ^289.34  +  13.3  «  4.67  in. 


Strus  Due  to  Weight  of  Member. — The  total  u-cight  of  the  member  will  be 
Two  lo  in.  channels  @  15  lb.,  31'  6"  long  ^    945  lb. 

One  14.  in.  X  5/16  in.  plate  @  14.88  lb.,  30'  o"  long  =>    447  lb. 
Details  and  lacing  about  25  per  cent  «    308  lb. 

Total  Weight,  W  »  1700  lb. 

The  bending  moment  due  to  weight  of  member  is  Af  —  JH^-i-sin  9. 

Stress  due  tu  weight 

-^^  "  ,         P-^^     f         Pi" 

The  stress  due  to  weight  in  the  upper  fiber  will  be 

/    .  i  X  1.700  X  375  X  0.645  X  3-6ia5 


(25) 


21 1.8  — 


103,000  X  375* 
10  X  30,000.000 
«  940  lb.  per  sq.  in. 

The  stress  due  to  weight  in  the  lower  fiber  is 

/ip  -  -  6.70  X  940  +  3-6"5 
=  —  1745  lb.  per  sq.  in. 
Stress  Due  to  Eccentric  LotuUng. — The  pins  were  placed  \  inch  above  the  center  of  the  channclsi 
and  the  stress  due  to  eccentric  loading  will  be 

Mi'C         P  X  (1.70  -  0.5)  X  c  ,  -. 


/.- 


/  - 


/  - 


P'P 


PP 

toE  '       loE 

The  eccentric  strrss  in  the  upper  fiber  will  be 

f  „  «03'0oo  X  iJto  X  3-6135 

"  211  8  -   '03.000  X  375* 
10  X  30,000,000 
"  —  2,280  lb.  per  sq.  in. 

The  eccentric  streas  in  the  lower  fiber  is 

/»  »  +  6.70  X  2,280  +  3-6125 
—  -|-  4.230  lb.  [xrr  sq.  in. 

The  resultant  stress  due  to  weight  and  eccentric  Irjading  is  fi  ^  f^  -^  f*  =  +  940  —  2,280  » 
—  1,340  lb.  in  the  upper  fiber,  and  —  1-745  +  4'230  =  2.485  lb.  per  aq.  in.  in  the  lower  fiber. 

The  allowable  stress  due  to  wt*ight  and  eccentric  loading  is  greater  than  lo  per  cent  of  the 
allowable  stress  and  must  be  considered,  with  the  allowable  unit  stresw  increased  by  to  per  cent 
(I  48,  p.  142). 

The  total  unit  stress  in  the  member  will  be,  /  -  103,000  +  13.30  +  2,485  —  7.752  -f  2,485 
*  10,237  lb.  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
sidered is  9,400  X  1. 10  «  10,340  lb.  per  sq.  in.,  which  is  sufficient. 

Stress  Due  to  Wind  Moment. — The  stresses  in  the  portal  and  the  direct  wind  stieaaes  in  the 
end-post  when  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  (rf)  and  {e)  Fig. 
12.  The  end-posts  may  both  be  assumed  as  fixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bending  moment  must  not  be  greater  than  the  resisting  moment  which 
wUlbe 

J/.  -  ff.y.  -  (90,000  -V-  py^ja 

where  V  —  5,060  lb.  am]  D'  =  7,000  lb.  the  direct  stress  due  to  wind,  and  a  ■*  distance  center 
to  center  of  metal  in  the  pidcs  of  the  end-post  -  8.87  in..  (/).  Fig.  12.  (The  impact  strcse.  is 
omitted.)     If  y»is  taken  equal  to  id  °  lo'  o"  «  120  in.,  wc  will  have 

2,000  X  120^  (oo.ooo  —  5,060  —  7,000)  8.87/3 
which  makes  240,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the  base. 
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The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-post  wiU  be, 

/-  -  —p^  (»7) 

io£ 

240,000  X  7  ^         iL 

"jflgg      (90^<x>0  + 5,060 +  7,ooo)»5y^  ^'730  lb.  persq.  m. 
^"^  10  X  30,000,000 

The  total  stress  due  to  direct  \^*ind  load  will  be/w  *^  (5060  +  700o)/i3.30  »  +  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  stress  will  come  on  the  windward  fiber  of  the  leeward 
end-post,  and  will  be/»"  =  +  6,370  H-  910  —  -^  7,280  lb.  per  sq.  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  load 
stresses  will  be 

/  =  90.000  -5-  13.30  +  7,280 
-  6,770  4-  7»28o  =  14,050  lb.  per  sq.  in. 

From  §  46  in  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  direct 
and  flexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  considered  is  then 

fc  -  9.400  X  1.50  =»  14,000  lb.  per  aq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-post  calculated  above. 

While  the  section  assumed  appeared  to  be  excessive,  the  additional  ar^  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

For  the  method  used  by  the  C.  M.  &  St.  P.  Ry.  for  the  design  of  an  end-post,  see  p.  222. 

Column  of  a  Transverse  Bent — Design  a  column  similar  to  that  of  the  transverse  bent  shown 
in  Fig.  3,  Chapter  X\'I,  but  having  column  length  of  25'  6"  and  being  hinged  at  the  base.  Direct 
stress  =  -f  12,800  lb.,  bending  moment  at  foot  of  Icnee  brace  ■=  181,250  ft.-lb.  Shear  —  fl" 
«  I3r500  lb. 

References, — 5  34  and  S  38,  p.  57;  5  79.  5  80  and  $  84,  p.  60;  5  94.  5  97.  5  9*  and  f  lOO,  p.  61. 

Solution. — ^A  section  composed  of  four  angles  and  a  plate  wilt  be  used.  The  column  will  be 
supported  laterally  by  the  girts  so  the  length  in  that  direction  will  be  taken  as  J^  X  25'  6"  »»  12.75 
ft. 

Try  4  angles  5"  X  3^"  X  M",  long  legs  out,  i83^  in.  back  to  back  and  one  web  plate  18  in. 
X  5^  in.  Distance  between  rivet  lines  =  i8>4  —  2X2==  14V2  in.  Maximum  allowable 
distance  for  Jg  in.  plate  =  40  X  ?»  ~  15  in. 

Using  method  at  bottom  of  Table  69,  4  -  22.75  >"•*;  ^a  =  '.3"  >"•*;  ^B  -  94-6  in.*; 
^A  ~  7-59  in.;  fa  -  204  in.  The  greatest  value  of  /  ^  r  =  12.75  X  12  +  2.04  «  75.0.  The 
maximum  allowable  value  o(  I  -t-  r  =  125.     The  allowable  unit  stress  is: 

1.50(16,000  —  70//r)  =  1.50(16,000  —  70  X  75-o)  =  16,100  lb.  persq.  in. 

The  actual  unit  stress  is: 

5  =  ^  +  -JLL^  .  "-8??  + ^'"^^^^  ^;^t— i  =  16.000  lb.  per  sq.  in. 

^*       /  _  ^       ^2.75  ^  _  12,800  X  25.5*  X  12«  '         ' 

loE  *^"  10X30,000,000 

Floorbeam. — Floorbeams  are  designed  in  the  same  way  as  other  plate  girders.  The  section 
cut  away  for  clearance  at  the  joint  must  be  strengthened  by  means  of  plates  as  shown  in  Fig.  13, 
To  determine  the  strength  at  the  weakest  section,  A-A,  the  following  method  is  used. 

The  floorbeam  is  drawn  to  scale  in  Fig.  13,  so  that  distances  can  be  scaled  and  the  maximum 
floorbeam  reaction  189,980  lb.  be  resolved  graphically,  in  the  center  line  of  the  post,  into  80,000 
lb.  normal  to  A-A,  which  produces  direct  tension  on  the  section  A-A^  and  173,000  lb.  parallel 
to  A-At  which  produces  shear  and  flexural  stress. 


I 


Rivet  holes  are  considered  as  spaced  3  in.  along  the  section  A-A .  for  when  the  beam  Is  detailed 
it  is  not  probable  that  they  will  be  spaced  closer  than  3  in.  Holes  arc  deducted  from  the  tension 
side  only.     I  in.  holes  being  deducted  for  J^  in.  rivets. 

The  plates  may  not  be  exactly  as  indicated  on  Fig.  13  for  it  may  be  necessary  to  alter  them 
slightly  in  detailing,  but  smalt  changes  will  not  change  the  results  materially.  It  is  quite  an 
advantage  to  have  the  investigation  made  before  the  beam  is  completely  detailed  as  alterations 
are  more  easily  made  at  that  time  if  the  beam  proves  weak  in  any  particular. 

The  curved  angle  at  the  bottom  will  not  be  considered  as  adding  to  the  strength. 

Values  for  the  area,  eccentricity  and  moment  of  inertia  are  found  as  follows. 

First  the  moments  and  moments  of  inertia  of  the  separate  parts  arc  found  about  an  axis 
through  the  geometric  center  of  the  section,  the  eccentricity  is  then  calculated.  The  moment 
of  inertia  about  an  axis  through  the  center  of  gravity  is  found  by  subtracting  the  product  of  the 
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Fig.  13.     DETAa  of  Floohbeam  Connection. 


and  the  eccentricity  squared  from  the  moment  of  inertia  about  the  axis  through  the  geometric 
ctHtcf  or 

Note. — For  sake  of  simplicity  the  total  section  was  divided  up  as  follows: 

A,  includes  three  }i  in.  and  two  %  in.  plates,  the  6"  X  *j"  legs  of  the  flange  angles  and  ^ 
in.  -\-}i  in.  of  the  4"  X  H"  1^>  '^^^  spaces  allowed  for  clearance  were  considered  as  solid  with 
no  appreciable  error. 

B,  includes  the  remainder  of  the  4"  X  H*'  legs  of  flange  angles. 

C,  includes  the  Vii  in.  outside  plates  considered  as  solid. 

D,  includes  the  rivet  holes,  I  in.  in  diameter  and  3.5  in.  long»  spaced  3  in.  center  to  center- 
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Tables  of  Areas,  Moments  and  Moments  of  Inektia. 


Cbap.  XVII. 


Section. 


In. 


355  X  Z.75 
5-75  X  0.62s 
i8x)  X  075 

S  X  I  X  3.5 


Ana. 
Sq.  In. 


In. 


Moment, 
In.-Lb. 


y*. 

In. 


+97.6 

Moment  of  Inertia  about  own  axis 
+  3.6       I       +17-4       I     +  62.6       I       +174 

Moment  of  Inertia  about  own  axis 
+  13-S       I       -  8.8       j     -1 18.6       I       -  8.8 

Moment  of  Inertia  about  own  axis 


-17-5       I       -  9-3  +162.6 

Moment  of  Inertia  about  own  a 

+97.2       I  I     +106.6       I 


-  9.3 


e  =  106.6  4-  97.2  =  1. 10        J-€*  =  97  2  X  LiC)* 

Total  moment  of  inertia  about  centroidal  axis  — 


O 
+  10,250 
+  1.088 

O 
+   1.044 
+       365 


".747 

31s 


10,919 

117 


10^802 


The  bending  moment  of  this  section,  ffx>m  Fig.  14  is 

M  =  189,980  X  27  =  5,130,000  in.-lb. 
or 

M  =  173,000  X  29-5  =«  5.130,000  in.-lb 
The  direct  tension  is  80,000  lb. 
7  he  shear  on  the  section  is  173,000  lb. 
Compression  in  extreme  fiber  due  to  moment 

Si  =  Mc'  -i-  /  =  (5,130,000  X  16.65)  -5-  10,802  =*  +  7,850  lb.  per  aq.  in. 
Tension  in  extreme  fiber  due  to  moment  is 

5i  «  M'c"i'I  =  5,130,000  X  18.85  -*-  10,802  =  —  8,950  lb.  per  aq.  in. 
Tension  on  whole  section  due  to  direct  stress 

St  -  Pja  =  80,000  -^  97.2  =  —  820  lb.  per  sq.  in. 
Total  compression  in  extreme  fiber 

"  5  =  5i  +  5i  «  7,850  —  820  =  +  7,030  lb.  per  sq.  in. 
Total  tension  in  extreme  fiber 

5  =  5i  +  5j  =  —  8,950  -  820  =  —  9,770  lb.  per  sq.  in. 
Unit  shear  is  approximately 

S  =  173,000  -s-  97,2  =  1,780  lb.  per  sq.  in. 
The  allowable  unit  stress  in  compression  —  16,000  lb.  per  sq.  in.  (Spec.  §  16). 
The  allowable  unit  stress  in  tension  =  16,000  lb.  per  sq.  in.  (Spec.  §  15). 
The  allowable  unit  stress  in  shear  —  10,000  lb.  per  sq-  in.  (Spec.  §  19). 
END  CONNECTIONS  FOR  TENSION  AND  COMPRESSION  MEMBERS.— For  simple 
connections  with  concentric  stresses  the  number  of  rivets  in  riveted  end  connections  may  be  taken 
as  cciual  to  the  total  stress  in  the  member  divided  by  the  allowable  stress  on  one  rivet  for  bear- 
ing or  for  shear.  Table  114,  whichever  gives  the  larger  number  of  rivets.     Specifications  uni- 
formly require  that  the  connections  of  members  be  designed  to  develop  the  full  strength  of  the 
member.     The  minimum  number  of  rivets  in  shop  connections  should  be  two  rivets,  eircept  for 
lacing  bars;  while  the  minimum  number  of  rivets  in  field  connections  should  be  three  rivets, 
except  for  lacing  bars.     In  lateral  bracing  or  stiff  bracing  or  struts  the  actual  number  of  rivets 
rec|uired  to  develop  the  full  strength  of  the  member  should  be  increased  by  two  rivets,  for  the 
reason  that  two  rivet  holes  arc  almost  certain  to  be  badly  distorted  by  the  drift  pins  in  draw- 
ing the  member  up.     Rivets  should  be  grouped  symmetrically  about  the  neutral  axis  of  the 
inemlx^r  or  the  eccentric  stresses  should  be  calculated  and  provided  for.     The  strength  of  a  struc- 
ture depends  very  much  upon  the  strength  of  the  connections,  and  the  details  of  the  joints  and 
connections  should  be  worked  out  with  great  care- 
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References. — §49,  p.  58;  5  78.5  79.  5  8o.  5  8».  5  85.  P- 60;  640.  641,  p.  141;  560,  5  62,  p.  142; 
563.  564.  565,  5  66,  §74.  p.  143;  518.  5»9.  P-209;  5371639.  540.  P- 210;  541.545.  5  S^.P- 311 ; 
5  74.  P*  313,  p.  219,  p.  223;  Tables  106  to  119  inclusive. 

Stmt  or  Tie. — Design  the  end  connection  for  a  4"  x  4"  x  J  g"  angle,  carrying  a  stress  (either 
tensile  or  comprcsaive)  of  40,000  lb.,  the  angle  being  fastened  by  both  legs  to  a  %  in.  plate  as  shown 
in  Fig.  2,  using  %  in.  rivets. 

Solution. — The  allowable  stress  on  one  J^  in.  rivet  in  single  shear  is  5,300  lb.  and  in  bearing 
on  a  l^  in.  plate  is  6,750  lb.,  using  12,000  lb.  per  sq.  in.  and  24,000  lb.  per  sq.  in.  as  the  allowable 
stresses  in  shear  and  bearing,  respectively.  Table  114.  The  shear  evidently  controls,  and  the 
number  of  rivets  is 


I 


40,000  ,       -    , 

^       -  ^  7.6  or  8  mtJts. 

5.300 


Four  of  theae  wilt  be  placed  in  the  main  angle  and  four  in  the  lug  angle.  In  order  to  transfer 
the  proper  portion  of  the  stress  to  the  lug  angle,  the  number  of  rivets  between  the  main  angle 
and  tug  angle  must  be  equal  to  the  number  of  rivets  in  the  lug  angle,  or  four  in  this  case. 

If  .the  angle  is  connected  by  one  leg  only  the  eight  rivets  will  be  put  in  one  teg  as  shown  in 
Fig.  3- 

Pin-connected  Top  Chord. — Design  the  end  connection  for  the  top  chord  of  a  pin-connected 
bridge  as  shown  in  Fig.  14.     Length  center  to  center  of  pins  =  25'  o".*    Rivets  %  in. 

SolHtion. — The  connections  should  be  designed  to  carry  the  full  strength  of  the  member  and 
not  the  stress  that  it  carries.  The  allowable  unit  stress  is/c  »  16,000  —  70 //r  «  16,000  —  70  X 
25  X  12 


1 


8.12 


13.430  lb.  per  sTj.  in.     Totiit  stress  =  13420  X  51 -84  =  695.700  lb. 


The  entire  stress  of  695,000  lb.  must  be  transferred  from  the  mcmlwr  to  the  pin  through  the 
pin  plates  and  web  plates.  In  the  body  of  the  member  the  stress  is  distributed  among  the  dif- 
ferent parts  in  proportion  to  the  gross  area,  or  as  futlows: 
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The  total  bearing  area  required  on  one  side  of  the  member  is, 

24,000        *^  *►»  "^ 
The  total  thickness  of  bearing  required  on  one  side,  using  a  6^  in.  pin,  is, 

This  thicleness  will  be  provided  by  the  plates  A,  B,  C,  D  and  E  as  shown  in  Fig.  14.  Tk 
plate  B  in  the  web  and  has  a  thickness  of  H  in.  Plate  C  must  act  as  a  fill  plate  so  must  be  of  tbe 
same  thickness  as  the  bottom  angles  or  ^  in.  The  outside  plate  £  and  the  inside  plate  A  should 
be  thinner  than  D  so  they  will  be  made  H  in.,  and  D  will  be  made  ^  in.  The  actual  thicknesaf 
bearing  is  then  2.375  i"**  ^"^  the  required  thickness  is  2.32  in.  In  arranging  the  plates  a  clear- 
ance of  3^  in.  should  be  allowed  between  the  plates  which  pass  around  the  pin.  and  the  ncarat 
plate  as  shown  in  Fig.  14.  It  is  necessary  to  put  a  3/16  in.  fill  plate,  F^  opposite  the  top  angle 
to  make  up  for  the  difference  in  thickness  in  the  %  in.  bottom  angle  and  the  7/16  in.  top  angit 

The  stress  transmitted  to  a  plate  by  the  pin  is  equal  to  the  ratio  of  its  thickness  to  the  total 
thickness,  multiplied  by  the  total  stress.    The  stresses  in  the  various  plates  are  as  follows. 

Stress  in  i4  =  ^^^  X  347.850  -  54.920 lb. 

B  »  ^;^-^  X  347.850  -  73.240  lb. 

C  -  ^~|  X  347.850  -  9».530lb. 

^  -  \~  X  347.850  -  73.240  lb. 

B  =•  ^^^^  X  347.850  -  _M,?20  lb. 

Total  -  347.850  lb. 

An  exact  solution  for  the  number  and  location  of  rivets  is  not  practicable.  A  common  solu- 
tion is  to  consider  that  all  the  pin  plates  transmit  their  stress  to  the  web  and  that  the  web.  In  turn, 
distributes  this  stress  over  the  section.     This  solution  o\x'rstrcsscs  the  web  in  the  vicinity  of  the  pin. 

A  better  solution  is  to  consider  that  the  stress  in  the  cover  plate  and  top  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  top  angles  from  the  web  plates  and  pin  plates 
through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  in  the  bottom  angles  is  transmitted 
in  double  shear  or  bearing  on  the  vertical  leg  of  the  bottom  angles  from  the  web  plates  and  pin 
plates  through  the  rivets  in  the  vertical  leg  of  the  angles.  The  stress  on  the  rivets  between  the 
web  plate  and  plate  C  is  equal  to  the  sum  of  the  stresses  in  C,  D  and  £,  minus  one-half  the  sum  of 
the  stresses  in  the  cover  plate»  top  angles  and  bottom  angles  on  one  side. 

The  number  of  rivets  in  the  plate  A  is  determined  by  the  stress  in  A  only,  and  is  controlled 
by  single  shear  and  is, 

„.  54.920^3^.^^,^^ 
7,220 

The  number  of  rivets  in  the  plate  E  is  determined  by  the  stress  in  E  only,  and  is  controlled 
by  single  shear  and  is, 

„.5M?2  =  8  rivets. 
7,220 

The  number  of  rivets  between  D  and  the  top  angle  and  between  B  and  the  top  angle  is  de- 
termined by  bearing  on  the  7. 16  in.  angle  and  is, 

90,500  4-  44450       ,  ^    .     ^ 

n  =  ^—^i- .^T-:rii_  =  15  nvcts. 

9.190 

The  numlx-T  of  rivets  between  D  and  the  bottom  angle  and  between  B  and  the  bottom  angle  is, 
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9  rivets. 


^  ^  7S.650 
9,190 

The  number  of  rivets  between  C  and  web,  B,  is  determined  by  single  shear,  and  is 

^  »  73.340  -i-  54.930  +  9^.530  -  X9O.50O  +  44.450  -f-  78.650)      ,.    .,_. 

End  Connections  for  I-Beam& — The  end  connections  for  Carnegie  I-Beams  are  given  in 
Tables  117  and  u8,  and  for  Bethlehem  I  and  Girder  Beams  in  Tables  156  and  157.  respectively. 
The  end  connections  for  short  beams,  and  for  beams  carrying  heavy  loads  should  be  carefully 
investiKatcd  for  direct  and  bending  stresses.  Riveti*  should  never  be  uSw»d  in  direct  tenfion, 
Connections  where  rivets  woulcl  be  in  direct  tension  should  be  provided  with  turned  bolts. 

Eccentric  Riveted  Connections. — The  actual  shearing  slrviiscs  in  riveted  connections  are 
often  very  much  in  excess  of  the  direct  shearing  stresses.  This  will  be  illusrratcd  by  the  calcula- 
tion of  the  shearing  strcaaes  in  the  rivets  in  the  standard  connection  shown  in  Fig.  15,  which  is 
assumed  as  loosely  bolted  to  a  column. 

The  eccentric  force,  /*,  may  be  replaced  by  a  direct  force,  P,  acting  through  the  center  of 
gravity  of  the  rivets  and  parallel  to  its  original  direction,  and  a  couple  with  a  moment  Af  =»  i'  X  3 
in.  =  60,000  in. -lb.  Each  rivet  in  the  connection  will  then  take  a  direct  shear  e(]ual  to  P  divided 
by  fi,  where  n  is  the  total  number  of  rivets  in  the  connection,  and  a  shear  due  to  bending  moment  M, 

The  shear  in  any  rivet  due  to  moment  will  var>'  as  the  distance,  and  the  resisting  moment 
exerted  by  each  rivet  will  vary  as  the  square  of  the  distance  of  the.rivct  from  the  center  of  gravity 
of  all  the  rivets. 

Now,  if  a  is  taken  as  the  resultant  shear  due  to  bending  moment  in  a  rivet  at  a  unit's  distance 
from  the  center  of  gravity,  we  will  have  the  relation, 


and 


a  — 


The  remainder  of  the  calculations  are  shown  in  Table  t.  The  resultant  shears  on  the  rivets 
are  given  in  the  last  column  of  the  table  and  aa*  much  larger  than  would  be  expected. 

The  furcc  and  equilibrium  |x>lygons  for  the  resultant  shears  and  load  P^  drawn  in  Fig.  15, 
doac,  which  shows  that  the  connection  is  in  equilibrium. 


TABLli  I 


Direct  Shear,  5  =  20*000  +  5  =  4,000  lb. 

Moment  =  20,000  X  s  -  60,000  in.-lb.  -  aW  +  ^/j"  +  ^i*  +  d^  +  i/**) 

Where  a  «  Moment  ihcar  on  rivet  3,  -  3,630  lb* 

Rivet. 

In. 

ln.« 

Moment. 
In.-Lb. 

A/. 

Lb. 

s. 

Lb. 

Lb. 

a.70 

I-90 
1.00 
1^ 
2.70 

7J9 
3.61 
1.00 

3.61 
7-29 

19,185 
9,500 
1,630 

9.500 
19.185 

7.100 
5.000 

2,630 
5,000 
7.100 

4.000 
4.000 
4.000 

4.000 
4,000 

9.300 

3,200 
6,630 
3.200 
9.300 

oSJ*  -  22.80  a  -  60,000  in.-lb. 

20,000 

a  -  2,6jo  lb.  —  moment  shear  on  rivet  3. 
M  »  shear  due  to  Moment. 
S  *»  Shear  due  10  Direct  lx>ad,  P. 
R  =  Resultant  Shear. 
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Note. — In  the  analy^  above  it  was  assumed  that  the  beam  connectioiis  were  bolted  and 
that  the  bolts  would  not  transmit  tension  in  the  direction  of  their  length.  If  the  connection  is 
bolted  or  riveted  rigidly  so  that  the  bolts  or  rivets  may  transmit  tension  (rivets  should  never 
transmit  tension)  in  the  direction  of  their  length,  the  resisting  moment  thus  developed  will  de- 
crease the  shearit^  stresses  on  the  rivets  in  the  connection  due  to  bending  moment* 


40OO    8000    eooo 


Standard  Connection 
Fig.  15.    Stresses  in  an  Eccentric  Riveted  Connection. 


'JO 

"^^ 

i  1 

a 

Web  Splice. — The  plate  girder  shown  in  Fig.  16  is  to  be  spliced  at  a  section  where  the  bending 
moment  is  1,667,000  in.-lb.  and  the  shear  is  165,000  lb. 

Solution. — The  method  which  assumes  that  one-eighth  the  area  of  tlie  web  is  available  as 
flange  area  will  be  used.    The  formula  for  stress  in  the  outermost  rivet  is 


'-V(£)"+{S)" 


(14) 


V    =  total  shear  at  the  section. 
M*  =  moment  carried  by  web. 
2n    »  number  of  rivets  on  one  side  of  the  splice. 

2Zd^^  the  sum  of  the  squares  of  the  distances  of  the  rivets,  on  one  ade  of  the  splice,  from  the 
neutral  axis. 
The  joint  must  first  be  designed  and  then  investigated.     The  number  of  rivets  required  is 
several  rivets  in  excess  of  the  number  required  to  carry  the  direct  shear.     The  number  of  J^  in. 
rivets  required  for  shear  alone  is  determined  by  bearing  on  the  H  in-  web  plate,  and  is 

V  164.000  ^        /^     .   ,  V 

3n  »  --  =  --^ —  =  15.6,  (Tabic  114). 
r        10,500         ^       ^  ^ 

A  Joint  with  17  rivets  spaced  as  shown  in  Fig.  16  will  be  assumed.    An  odd  number  of  rivets 
simplifies  the  calculation. 

V  -  165,000  lb. 
it  « 1,667,000.x  3.00  -i-  12.50  -  400,000  in.-Ib. 

2tt  -  17. 

dn  =  16  in. 
aX^f*  -  2(2»  +  41  +  6«  +  8«  +  io»  +  12*  +  14*  +  i6»)  -  1632  in.» 


I 
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Then  the  maximuin  stress  on  the  outside  rivet  wiU  be, 


-V(^y-H( 


j    «  V9,66o»  +  3,920»  -  104301b, 


4oo/x}oj<  16 
1,652 

The  allowable  value  of  r  for  a  J^  in.  rivet  U  14.400  lb.  in  double  shear  and  10,500  lb.  in 
bearing  on  H  in-  web  plate  (Table  1 14),  so  the  joint  is  satisfactory. 
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Net  area  of  Bangc  angles  =    950 in. 

One-eighth  of  area  of  web  plate  *    3.00  *' 

Total  flange  area  »  13.50  " 
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Fig.  16.    Details  of  a  Web  Splicb. 


Riveted  Joints  in  Cylinder,  Pipe  or  Tank. — A  cylinder  46  in.  in  diameter  is  to  be  designed  to 
carry  an  intiTnal  |>rfhsure  of  100  lb.  per  sq.  in.  rompute  the  rec|uircd  thickness  of  plate  and 
design  a  longitudinal  double  riveted  lap  joint  of  equal  eflicicncy  for  all  parts.  Reduce  to  com- 
mercial dimensions  and  investigate. 

Soiution. — The  unit  stresses  allowed  by  sitecificationa  for  tanks  are/i  ^  12,000  lb.  per  aq.  in., 
/t  -  12.000  lb.  per  sq.  in.,  ft  =  24.ooe>  !b.  per  8<i.  in.,  for  shop  joints. 

From  "Structural  Mechanics,"  Chapter  XV!. 

^f'      «  _  ^  X  24.000 ^^^ 

ft  +  a/.   12,000  +  2  X  24.000 

wD  100X46 


i  - 


2/,-<     2X13,000X0.80 


0.24  in. 


in. 


(I6a) 
U6b) 
{lU) 

06rf) 


This  joint  would  have  the  efHciencies  for  tension,  compression  and  shear  all  w|ual,  but  the 
sixes  could  not  be  obtained  from  stock  so  that  the  joint  must  be  altered  to  suit  commercial  sizes. 


Make  / 


j/4  in.,  d  « 

•        /. - 

A- 


$i  in-,  p  *■  3  in,,  and  investigate  the  joint 
W'D'P      100X46X3 
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{p-d)i 
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|ir^       0.614 
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«  11,600  lb.  per  sq.  in. 
"  22.100  lb.  per  sq.  in. 
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Other  considerations  such  as  water-tightness  enter  into  the  design  of  joints;  sec  Table  113, 
Table  Ila,  page  370  gives  the  properties  of  water  tight  joints.  By  efficiency  is  meant  the  ratio 
of  the  strength  of  the  joint  to  the  strength  of  a  plate  of  equal  thickness.  Under  effective  section 
of  plates  in  Table  Ila,  page  370,  is  given  the  thiclcncsa  of  an  unriveted  plate  which  would  have 
the  same  strength  as  the  joint. 

The  most  efficient  joint  for  a  given  thickness  of  plate  is  found  as  follows:  For  single  riveted 
lap  joint  in  a  }^  in.  pLate» 


.1-4/*     ,  ^    4  X  24,000 


0.637  in. 


I  in. 


dv) 


(«5/) 


0.67. 


^  in.  rivets  with  2  in.  pitch. 

^onnuUs  for  Riveted  Joints. — The  general  formulas  for  the  investigation  of  lap  j'mnts  with 
any  number  of  rows  of  rivets  are  (For  Nomenclature,  sec  Chapter  XVI.), 


/.- 


{p-d)r 
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k'hd 


k-^<P 


For  design  of  a  joint  of  maximum  efficiency, 


e  — 


kf. 


t  =* 


2jte 


p^  [.+*;-]., 


(2*»} 


(29) 


where  k  =  number  of  rows  of  rivets. 

For  a  butt  joint  with  a  single  strap  plate  and  a  single  row  of  rivets  the  joint  becomes  two 
single  riveted  lap  joints  and  the  formulas  for  riveted  lap  joints  may  be  used  (Structural  Mechanics 
13  and  15).     For  a  butt  joint  with  double  strap  plates  and  a  single  row  of  rivets  on  each  side, 

P  '        ^        '  ^ 


'-£> 


■"       {P'-d)i'    ■"      id'    ■"       Jrd» 
For  a  butt  joint  with  double  strap  plates  and  double  riveting  on  each  side, 

P  ,         P         .  _     P 


(30) 


/i- 


{p-d)i 


A 


p 

2td 


(3t) 


When  a  single  strap  plate  is  used  it  should  never  be  thinner  than  the  main  plate,  and  when  double 
strap  platt-'s  arc  used  they  should  never  be  thinner  than  ]'^  the  thickness  of  the  main  plate. 

For  data  on  riveted  joints  for  tanks  and  stand-pipes,  see  Table  Ila,  page  370. 

DESIGN  OF  LACING  BARS  FOR  COLUMNS.— It  is  difficult  to  calculate  the  bending 
atrcsws  in  a  huill-up  column,  and  atncc  the  shearing  strcsse.s  depend  on  the  bending  stresses  the 
design  of  lacing  bars  must  be  largely  a  matter  of  judgment  until  sufficient  tests  are  made  to 
establish  empirical  formulas.  The  following  method  gives  results  that  agree  with  tests  and  with 
good  practice. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  strvss  may 
be  represented  by  the  straight  line  formula,  p  =*  t6,ooo  —  70 /'f  lb.  per  sq.  in.,  where  p  »  allow- 
able unit  stress  in  the  memlx-r;  /  ■•  Irngth  of  the  member,  c.  to  c.  of  end  connections,  and  r  • 
radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allowable  unit  stress  on  a  short  block 
ii  16,000  lb.  per  sq.  in.,  and  the  70 //r  represents  the  increase  in  the  fiber  stress  in  the  column. 

Now  if  we  aasume  that  this  fiber  stress  is  caused  by  a  uniform  horizontal  load,  IF,  then  -g~  - 
-— — ,  where  /  -  moment  of  inertia  of  the  cross-section  of  the  column  «  .4  -r*,  where  M  -  the 

r'C 


area  of  the  cross-section  of  the  column,  and  c  *  the  distance  from  the  neutral  axb  of  column 

to  the  extreme  fiber  in  the  plane  parallel  tu  the  plane  of  the  lacing  bars.     Then    «  '  =  — ' . 

o  r-c 

and  W  -  560 Now  the  shear  in  the  column  will  be  5  —  W/2,  and  the  shear  is  5  — 


4  -r                                                                              A.'t 
aSo  * — ,  and  the  stress  in  a  Ucing  bar  will  be  -  280 X  c&c  d,  where  9 


the  angle  made  by 

the  bar  with  the  axis  of  the  column.  In  a  taced  channel  column  the  shearing  stress  above  will  be 
taken  by  two  lacing  bars.  This  shows  that  the  stresses  in  the  lacing  bars  in  the  column  with  a 
concentric  loading  depend  upon  the  make-up  of  the  column,  and  are  independent  of  the  length 
of  iht  column. 

Mr.  C.  C.  Schneider  by  a  somewhat  different  method  has  deduced  the  same  formula  on  page 
tgs  of  the  Report  of  the  Royal  Cunimissiun  <m  Collapse  of  Quebec  Bridge,  1908. 

If  the  column  rarries  a  direct  shear  in  addition  to  the  shear  due  to  the  concentric  load,  or  if 
the  column  has  an  eccentric  ioad  the  additiunal  shearing  stresses  must  be  considered  in  designing 
the  lacing.  The  total  stress  in  the  lacing  bar  will  be  the  total  shear  at  the  section  multiplied  by 
the  coeec  of  the  angle  made  by  the  lacing  bar  with  the  axis  of  the  column. 
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PART   11. 

Structural  Tables. 


lotroduction. — The  tables  in  Part  II  include  the  properties  of  simple  rolled  sections;  the 
properties  of  compound  sections;  the  properties  of  built-up  sections  for  columns,  struts  and 
chords;  safe  loads  fur  angles,  beams  and  channels,  and  of  angle  struts;  properties  of  rivets  and 
riveted  joints,  and  miscellaneous  data  for  structural  design.  It  has  been  the  aim  to  give  tables 
and  data  that  will  be  of  use  to  the  designing  engineer  and  to  the  student  in  the  designing  room 
rather  than  to  give  safe  loads,  stresses  and  other  pre*]igestcd  data  that  may  be  used  by  the  novice. 
To  this  end  properties  of  sections  arc  given  while  safe  hmds  for  columns  and  chords  have  been 
omitted.  Tables  of  trigonometric  functions  and  logarithms  and  other  tables  that  are  readily 
available  have  not  been  included.  The  tables  are  arranged  so  that  each  page  is  self-contained 
and  self-explanatory.  In  the  tables  the  properties  of  rolled  sections  are  grouped  together  for  ease 
in  referf  ncc,  and  are  followed  by  properties  of  built-up  sections.  The  tables  in  Part  II  are  num- 
bered in  Arabic  numerals. 

Original  Tables. —Tables  3.  4,  5.  13.  19.  2«.  21.  «.  3^.  33.  34-  35.  36,  37.  38,  39.  40.  56.  57. 
58,  59.  60.  61,  62,  63,  64,  65,  66.  67,  6fi.  69.  70.  71.  72.  73.  74,  78.  79.  80,  81,  82.  83.  84,  85.  86, 
87,  134.  135  and  136,  covering  136  pages,  were  calculated  especially  for  this  book.  The  tables 
have  been  calculated  and  checked  with  great  care  and  are  believed  to  be  accurate.  These  tables 
are  fully  protectwl  by  copyright  and  are  not  to  be  copied  without  permission  from  the  author. 

The  pr()p<*rties  of  compound  sections  consisting  of  two  or  four  angles  or  of  two  channels, 
placed  in  different  relative  positions,  may  be  used  in  designing  struts,  columns  or  chords  where 
the  sections  arc  held  ti">gethor  by  means  of  lacing  and  tic  plates;  or  the  properties  of  built-up 
sections  may  be  obtaine<i  by  combining  the  moments  of  inertia  of  the  compound  sections  and  the 
moments  of  inertia  of  one  or  two  platc*s  in  the  proper  relative  positions.  The  built-up  sections 
are  all  designed  to  comply  with  standard  specifications  and  with  the  standards  of  the  American 
Bridge  Co.  for  rivet  spacing  and  structural  details.  To  illustrate  the  use  of  the  tables  of  compound 
sections  in  building  up  struts,  columns  and  chords,  a  one  page  table  is  given  for  each  built-up 
section  in  common  use,  in  which  the  properties  for  the  usual  proportions  arc  given  and  the  methods 
for  calculating  additional  values  by  using  the  key  tables  of  compound  sections  an^  given.  The 
method  of  calculating  the  properties  of  built-up  sectioiu  by  using  the  moments  of  inertia  of  com- 
pound sections  is  shown  in  Table  I. 

STANDARD  TABLES.— The  other  Ubles  in  Part  II  have  been  taken  from  Carnegie  Stcd 
Company's  "Pocket  Companion,"  Cambria  "Steel,**  American  Bridge  Company's  "Book  of 
Standards,'*  and  other  sources  to  which  credit  has  been  given.  Many  of  the  copied  tables  have  been 
rearranged  and  extended.  The  properties  of  I-Bcams  in  Table  7,  properties  of  channels  in  Tabic 
14*  and  properties  of  angles  in  Table  23  and  Table  34  were  taken  from  .\merican  Bridge  Com- 
pany's "  Book  of  Standards/'  but  have  been  checked  with  the  recent  edition  of  Carnegie's  "  Pocket 
Companion.** 
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TOP  CHORD  SECTIONS.— The  top  chord  sections  given  in  Tables  82  to  86  were  calculated 
to  comply  with  the  standard  specifications  which  follow,  unless  otherwise  noted  in  the  tables. 

Spedflcatioiis. — ^All  top  chord  sections  shall  comply  with  the  following  requirements. 

Thickness  of  Metal. — ^The  minimum  thickness  of  metal  shall  be  }^  in.  for  highway  bridges 
and  ^  in.  for  railway  bridges. 

Cover  Plates. — ^The  cover  plate  shall  have  a  thickness  not  less  than  one-fortieth  {^)  the  dis- 
tance between  gage  lines  of  rivets  in  the  flange  angles  on  each  side  of  the  section.  The  cover 
plate  shall  always  have  the  minimum  thickness  that  will  comply  with  the  above  requirements. 

Web  Plates. — The  web  plates  shall  have  a  thickness  not  less  than  one-thirtieth  (iV)  the 
distance  between  gage  lines  of  rivets  in  the  flange  angles  in  the  line  of  stress.  As  much  of  the 
metal  as  practicable  shall  be  concentrated  in  the  web  plates  and  flange  angles. 

Proportions  of  Chord  Section. — There  shall  be  a  top  cover  plate  which  shall  have  a  minimum 
thickness  permitted  by  the  specifications.  .\s  much  of  the  metal  as  possible  shall  be  concentrated 
in  the  web  plates  and  flange  angles.  The  top  and  bottom  angles  shall  be  so  selected  as  to  bring 
the  neutral  axis  of  the  section  as  near  the  center  of  the  web  plates  as  practicable.  The  moments 
of  inertia  of  the  section  about  the  two  rectangular  axes  shall  be  approximately  equal 
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21.38 
21.75 
22.13 
22.50 
22.88 

23.25 
23.63 
24.00 

24.38 
24.75 
2513 

25.50 
25.88 
26.25 
26.63 

27.00 

27.38 

2775 
28.13 
28.50 
28.88 
29.25 
29.63 
30.00 

30.38 
30.75 
31.13 


<5-3J 
15.63 

»5-94 

16.25 

16.56 
16.88 
17.19 
17.50 
17.81 
18.13 
18.44 
1875 
19.06 
ig.38 
19.69 
20.00 
20.31 
20.63 

20.94 
21.25 

21.56 

21.86 
21.19 
22.50 
22.81 
23.13 
2344 
23-75 
24.06 
24.38 
24.69 
25.00 

25-3> 
25.63 
15.94 
26.25j31.50 

26.5631.8R 
a6.8fi  31.25 
27.19t32.63 
27.5033.00 

27.8i'33.?8 
a8.i3'33.75 

28.4434-13 
2875  34-50 
29.06134.88 

29-38|35.»5 
29.6935.63 
30.0036^00 

to.31,36.38 

30.6j;3''>7S 
30.9437.15 
31.2537.50 


Thivknos.-i,  Incb«. 

1 


21.44 

21.88 
21.31 
22.75 
23.19 

23-63 
24.06 
24.50 

24-94 
25.38 
25.81 
26.25 
26.69 

2713 
27.56 
28.00 
2844 
28.88 
29.31 
29.75 
30.19 


24.50 
25.00 
25.50 
26.00 

26.50 
27.00 
17.50 
28.00 
28.50 
29.00 
29.50 
30.00 

30.50 
31.00 
31.50 
31.00 

32.50 
33-00 
33.50 
34.00 

34.50 


30.6335.00 
31.0635.50 
31.50  36.00 
31.94I36.50 
32.3837.00 
W.81  37.50 


33.25 
33-69 


38.00 
38.50 


34.1 3 1 39.00 
34.5639.50 
35.0040.00 

15-44'40-50 
35.88  41.00 


36.31 
36.75 

37-19 
37.63 
38.06 
38,50 

38.94 
39.38 
39.81 
40.25 
40.69 
41.13 
41.56 
42.00 

42.44 
42-88 

4331 

43-75 


41.50 
42.00 

42.50 
43.00 

43  50 

44.00 

44.50 
45.00 
45  50 
46.00 

46.50 
47.00 
47.50 
48.00 

48.50 
49.00 
49.50 

50.00 

U 


27-56 
28.13 
28.69 
29-25 
29.81 
30.38 
30.94 
31.50 
06 
32-63 
33.19 
33.75 

34-31 

34.88 

35-44 
36.00 

36.56 

37-13 
37,69 
38.25 
1S.81 
39.38 

39.94 
40.50 

41.06 
4163 
42.19 

42.75 

43-31 
43.88 
44  44 
45.00 

4556 
46.13 
46.69 
47.25 
47.81 
48.38 
48.94 
4950 
50.06 
50.63 
5>-'9 
5175 

52.3  • 
52.88 

53-44 
54-00 

54.56 
55.13 
55-69 
56.25 


H 


30.63 

31.25 
31.88 
32.50 

33.13 
33.75 
34.38 
35.00 

35.63 
36.25 
36.88 
37.50 
38.13 

3875 
39.38 
40.00 

40.63 
4<.25 
41.88 
42.50 

43. U 
4375 
44.38 

45.00 

4563 
46.25 
46.88 
47-50 
48.13 

48.75 
49.38 

50.00 
50.63 
51.25 
51.88 
52-50 

53-"3 

53-75 
54-38 
55.00 

5563 
56.25 
56,88 
57.50 
58.13 

5875 
59.38 
60x10 
60.63 
61.25 
61.88 
61.50 


33-6936. 

34.3837. 

35.0638. 

35-75 

36.44 

37.U 
37.81 
38.50 


39.19 
39.88 
40-56 
41.15 

4"-94 

42.63 
43 -3 » 
44.00 

44.69 
4538 
46,06 
46.7s 

47.44 

48.13 
4S.81 
49.50 

SO.  "9  54 

50,88  55 
51.5656. 
52.25  57. 


H 


39.81 
40.63 
41.44 
42.25 
43.06 
43.88 
44.69 
45.50 
46.31 
47- >  3 
47-94 
48.75 


42 
43 
44 
45 

45 
46 

47 
48.00152.00 

48. 
49. 
SO, 

5 


49.56 
50.38 
51.19 


7552.81 
50153.63 
.25  54.44 

.00 


52.94 
53.63 
54-3 1  !59 
55.00,60, 

55-69|6o 
56.38,61 
S7.o6  6a 
5775 

58.44 
59-13 
59.81 
60.50 
61.19 
61.88 
62.56 
63.25 
63.94 


75 
64.63  70.50 

25 
00 


65.31 
6().oo 


66.69 
67.38 
68.06 
68.75 


72.75 
73.50 
74-25 
7S-0O 


55.25 
56.06 
56.88 
57.69 
58.50 

59.31 
60.13 
60.94 
61.75 
62.56 
63.38 
64.19 
65.00 
65.81 
66.63 

6744 
68.25 

69.06 
69.88 
70.69 
71.50 
72.31 
73.»3 
73-94 
74-75 
75.56 
76,38 
77,19 
78.00 
78.81 
79.63 
80.44 
81.25 


H 


42.88 

43.75 
44.63 

45-50 
46.38 
47.25 
48.13 
49.00 
4Q.88 

5075 
5 1.63 
52.50 
53-38 
54.25 
55-13 
56.00 

56.88 

57.75 
58.63 

59.50 

60.38 
61.25 
62.13 
63xx> 
63.88 
64.75 
65.63 
66.50 

67.38 
68.25 
69.13 
70.00 
70.88 

71.75 
72.63 
73-50 
74-38 
75.25 
76.13 
77.00 

77.88 

7875 
79-63 
80.50 

81.38 
82.25 
83.11 

84.00 

84.88 

8575 
86.63 
87.50 


45-94 

46.88 
47.81 
4875 
49.69 
50.63 
51.56 
52.50 

53.44 
54-38 
55-3» 
56.25 

5M9 
58.13 
59.06 
60.00 

60.94 
61.88 
62.81 
63.75 

64.69 

65.63 
66.56 
67.50 

68.44 
69.38 
70.31 
71.25 

72.19 

73->3 
74.06 

75.00 

75-94 
76.88 
77.81 


49.00 
50.00 
51.00 
52.00 
53.00 
54-00 
55.00 
56.00 
57.00 
58.00 
59.00 
60.00 
61.00 
62.00 
63.00 
64.00 

65.00 
66.00 
67.00 
68.00 
69.00 
70.00 
71.00 
72.00 
73.00 
74.00 
75.00 
76.00 

77-00 
78.00 
79-00 
80.00 
81.00 
82.00 
83.00 


78.7584.00 


79.69 
80.63 
81.56 


85.00 
86.00 
87.00 


82.5088.00 
83.44'89.oo 
84.38  90.00 
85.31J91.00 
86.25  92.00 
87.1993-00 
88. 1 3 194.00 
89.06  J95. 00 
90.00,96.00 


91.88 
92.81 
9375 


90.949700 


98.00 
99.00 
100.0 


i 


1 

I 

^^^^^^^^^^^       TABL^^^^^^^^^^^^^^^^^^B 

1 

■ 

^^^^^^B          Weights  of  Steel  Bars  and  Plates.                   ^^^^^^^^^^| 

f 

Pounds  per  Lineal  Foot*                                               ^^ff 

■ 

Width. 

Incbd. 

ThlckDOB.  locbes. 

A 

1 

A 

1 

A  1    1 

A 

ft 

A 

1 

H 

1 

H 

i     1   H 

1 

1 

X)S3 

.106 

-159 

-213 

.27'    .32 

■37 

•43 

.48 

•53 

•58 

.64 

.69 

•74!     .80 

.85 

i 

.106 

.213 

-319 

-425 

•53     .64 

74 

.85 

•96 

1.06 

1.17 

1.38 

1.38 

I49i   "59 

1.70 

2 

-"S9 

-319 

-478 

.638 

.80     .96 

1.12 

1.28 

M3 

1-59 

175 

1-91 

2.07 

2.33 

2.39 

2.55 

I 

.113 

4^5 

.638 

.850 

X.06 

1.28 

»-49 

1.70 

1.91 

2.13 

2-34 

a^55 

2.76 

2.98 

3->9 

340 

1 

.266 

•53" 

-797 

1.063 

1-33 

1.59 

1.86 

2.13 

2-39 

2.66 

2.92 

3-19 

3-45 

372 

3.98 

4-25 

I 

.319 

.638 

.956 

1.275 

1-591  ».9< 

2.23 

2.55 

z-87 

3.»9 

3-51 

3.83 

4-M 

446 

4.78 

5.10 

I 

■372 

•744 

1. 116 

(488 

1.86 

2.23 

2.60 

2.98 

3-35 

3-72 

4.09 

446 

4.83 

5-21 

5-58 

5-95 

1 

.425 

.850 

1. 275 

1.700 

2.13 

2-55 

2.98 

3-40 

3.83 

4-25 

4-68 

5.10 

5-53 

5.95 

6.38 

6.80 

1 

.478 

■956 

1.434 

1913 

2.39 

2-87 

335 

3.83 

4.30 

4.78 

5.26 

lit 

6.21 

6.69 

7.«7 

7.65 

I 

53' 

1.063 

1-594 

2.125 

2.66 

3.19 

3-72 

4-25 

4-78 

5.31 

5-84 

6.91 

744 

7.97 

8.50 

■ 

.584 

I.169 

1.753 

2.338 

2.92 

3-5  < 

4J39 

4.68 

5.26 

5-84 

643 

7.01 

7.60 

8.1S 

8.77 

9-35 

k 

L    ^ 

.638 

1.275 

1.913 

2.550 

3.19 

3.83 

446 

5.10 

5-74 

6.38 

7.01 

7.6s 

8.29 

8,93 

9-56 

10.30 

■ 

P    5| 

.691 

1.381 

2.072 

2.763 

3-45    4-U 

4.83 

5-53 

6-12 

6.91 

7.60 

8.19 

8.98 

9.67' 10.36 

M.05 

•744 

1.488 

2.231 

2.975 

3-73   4-46 

5.21 

5.95 

6.69 

7-44 

8.18 

8.93 

9.67 

1041  11,16 

11.90 

.797 

1-594 

2.391 

3.188 

398   4.78 

5.58 

6.38 

7.17 

7-97 

8.77 

9.56 

10.36 

11.16  11.95 

12.75 

1 

.850 

1.700 

2.550 

3.400 

4.25    5.10 

5-95 

6.80 

7.65 

8.50 

9-35 

10.20 

11-05 

11.90  12.7s 

13.60 

-903 

1.806 

2.709 

3.613 

♦-52 

5-42 

6.32 

7.23 

8.13 

9.03 

9-93 

10.84 

U.74'i2.64|i3.55|i445 

.956 

I9<3 

2.869 

3-825 

4.78 

VJ 

6.69 

7.6s 

8.61 

9.56 

10.52 

11.48 

12.43:13.39  14-34 '5  30 

1.009 

2.019 

3.028 

4.038 

5.05 

7.07 

8.08 

9^ 

10.09 

1 1. 10 

12.11 

13.1214.13,15.1416.15 

1 

1.063 

2.ias 

3.188 

4-250 

5-3» 

6.38 

744 

8.50 

9.56 

10.63 

11.69 

12.75 

13.81,14.88  15.94  17x10 

1 

M16 

2.231 

3-347 

4.463 

5.58 

6.69 

7.81 

8-93 

1004  II. 16 

12.27 

13-39 

14.5015.62.16.73  17.85 

I 

1.169 

2.338 

H^ 

4675 

5.84 

7.01 

8.18 

9-35 

10.52 

11,69 

13.86 

U-o.^ 

15.19  16-36  17.51  18.70 

1 

si 

I.22J 

2-444 

$.666 

4.888 

6.11 

7.33 

8-55 

9-78 

11.00 

12.22 

<344 

14.66 

15.88 

<7-'i,i8.33:>9-55 

1 

6 

1.275 

2.550 

3.825 

5.100 

6.38 

7.6s 

8.93 

10.20 

1148 

12.75 

14.03 

"5-30 

16.58!  17.851 19.13 1 3040 

w 

H 

1.328 

2.656 

3.984 

5313 

6.64 

7-97 

9.30 

10.61 

11-95 

13.28 

14.61 

«504 

17-27 

I8.59'i9-92'2i.25 

(>\ 

1.38] 

2.763 

4-I44 

5525 

6.91 

8.29 

9.67 

11.05 

»243 

13,81 

15-19 

16-58 

17.9619.34  20.72  22.10 

■ 

61 

1-434 

2.869 

4-303 

5.738 

717 

S.Oi 

10.04 

11.48 

12.91 

14-34 

15.78 

17.21 

i8.65|2oi>8[3l.52  33.95 

1 

7 

1.488 

2.975 

4463 

5.950 

744 

8.93 

1041 

11.90 

»3-39 

14.88 

1636 

17.85 

<9.34 

20.83  21.31  23.80 

1 

7 

1. 54 1 

3.081 

4.622 

6.163 

7-70 

9.24 

10.78 

12.33 

13.87 

1541 

16.9s 

18.49 

20.03 

2i.s7!33.n  24.65 

I 

7 

1.5943188 

478^ 

6-375 

7-97 

9.56 

11.16 

12.75 

14-34 

15.94 

1753 

19.13 

20.72 

23.11  23.91  25.50 

I 

7 

1.647I3.294 

4.9^1  6.588 

8.23 

9.88 

11.53 

13.18 

14.82 

1647 

18.12 

19.76 

2141 

23.0624.7026,35 

1 

8 

1.7003.400 

5  1006.800 

8.50 

10.20 

11.90 

13.60 

15.30 

17,00 

18.70 

20.40 

22.10 

23.8025.5037.20 

81 

1.753  3.506 

5.2597-013 

8.77  10.52 

12.27 

M03 

15.78 

»7-53 

19.28 

21.04 

22.79J24.S4'26.30J28.O5 

8j 

1.806:3.6/3 

54197.22s 

9.03110.84 

12.64 

1445 

16.26 

18.06 

19.87 

21.68 

3348  25.2927^)928.90 

8] 

1.859  3.719 

5.5787.438 
5.738  7.650 

9.30111.16 

13-02 

14-88 

16.71 

i8.i;9 

2045 

22.31 

24.17  26.03'27.89  29  75 

9 

1.913  3.8*5 

9.56  11.48 

1339 

15.30 

17.21 

19.13 

21.04 

22-95 

24.86^26.7828.6930.60 

9l 
9* 

i.966;3.93i 

5.897 

7.863 

9.83  11.79 

13.76 

"573 

17.<^ 

19-66 

21.63 

23-59 

25-55 

27.52  29.48 

51-45 

2.0194.038 

6.056 

8.075 

10.09|I2.1I 

14-13 

161S 

18.17 

20.19 

22.21 

24.23 

26.24 

28.26  30.28 

32.30 

9J 

2.07214,144 

6.216 

8.288 

10.361243 

14-50 

16-58 

18.65 

20.72 

23.79 

24.86 

26.93 

39.01  3ix>8!33.i5 

10 

1.U5  4.250 

6.375 

8.500 

10.63 

12.75 

14-88 

1700 

19.13 

21.25 

33.38 

25-50 

27.63 

29  75  3 1 -88|  34.00 

'!t 

2.178 

4.356 

6.534 

8.713 

10.89 

13.07 

>S.25 

17.43 

19.60 

21.78 

23.96 

26.14 

28.32 

30.49 

32.67I34.85 

loj 

J.131 

4463 

6.694 

8.925 

11.16 

13.39 

15.63 

17.85 

20.08 

23.31 

24.54 

36-78 

29.01 

J I -24 

33.47|35-70 

ft 

lol 

2.284 

4.569 

6.853 

9-138 

11.69 

13.71 

15-W 

18.28 

20.56 

22.84 

25-13 

2741 

29.70 

31.98 

34-27,36.55 

1 

2.338 

4.675 

7.013  9.350 

14.03 

16.36 

18.70 

21.04  23.3R 

25.71 

28.05 

30.39 

32-73 

35.063740 

1 

iii 

2.391  »78i 

7-1729-563 

11.95 

[tU 

16.7^ 

19-13 

21.5223.91 

26.30 

28.69 

31.08 

3347 

35.8638.25 

I 

1  il 

2.444  4.888 

7-3319.775 

12.22 

17.11 

■9.55 

21.9924.44 

26.88 

2933 

31.77 

34.  J 1 

36.6639.10 

I 

i<! 

2497  4.994 

7.4919.988 

ia.48 

14.98 

17-48 

19.98 

3247  24.97 

2747 

29.96 

3246 

34.96 

37-45  39.95 

L 

2.5505.100 

7.650  10.20 

I2.7S  15.30 

17.85  20.40 

22.9?  25.50 

28.05 

30.60 

33-15  1.V70 

18.25  40.80 

^ 

12 

d 

^M 

TABLE  2.— C<rnhNU£^.                     ^^M 

^H 

Weights  of  Stkkl  Bars  and  Plates. 

^^^H 

Pounds  per  Li.veal  Foot. 

1 

■ 

Width. 
Inchn. 

TbickncM,  lache*. 

1^ 

1 

A 

i        ft 

1 

A 

* 

A 

1 

u 

i     |tt 

1 

« 

1 
42-5 

12* 

3.66 

S-3» 

797 

10.63  '3-28 

15.94 

18.59 

21.25 

33.91 

36.56 

29.2 

319 

34-5 

37.2I  39-8 

u. 

2.76 

S-53 

8.29 

11.05 

13.81 

16.58 

"934 

21.10 

24.86 

27-63 

30.4 

33.2 

35-9 

38.7 

4>4 

44.2 

u* 

2.87 

5-74 

8.61  11.48 

14-34 

17.21 

20.08 

22.95 

25.82 

28.G9 

31.6 

344 

37.3 

40.2 

43.0 

45  9 

M. 

2.98 

S-9S 

8.93 

H.90 

14.88 

17.85 

20.83 

23.80 

2678 

29-75 

32.7 

35-7 

38.7 

41.7 

44-6 

47.6 

i4» 

3.08 

6.16 

9.24 

ia.33 

15.41 

1849 

21.57 

14.65 

27.73 

30.B1 

33-9 

37-0 

40.1 

43.1 

46.2 

49.3 

»S^ 

3.19 

6.38 

9.56 

12.75 

15-94 

19-13 

22.31 

25.50 

28.69 

31.88 

35.1 

38.3 

4<4 

44.6 

47-8 

51.0 

"1* 

3.29    6.59 

9.88 

13.18 

16.47 

19.76 

25.06 

26.35 

29.64 

32.94 

36.2 

39-5 

42.8 

46. 1 1  49.4 

52.7 

16 

340 

6.80 

10.20 

13.60 

17.00 

2040 

23.80 

27.20 

30.60 

34.00 

374 

40.8 

44.2 

47.6 

510 

54.4 

1 

i6| 

351 

7.ot 

10.52 

14.03 

17-53 

21.04 

24-54 

28.05 

3156 

35-06 

38.6 

42.1 

45-6 

49-1 

52.6 

56.1 

>7^ 

3.61 

7.23  10.81 
7-44;  ""G 

14-45 

18.06 

21.68 

35.29 

28.90 

32.51 

36.13 

39.7 

44-6 

47.0 

50.6 

54-2 

57.8 

17* 

3-72 

14.88 

18.59 

22.31 

36.03 

29-75 

33-47 

37.19 

40-9 

48-3 

52.1 

55-8 

59-5 

18 

3.83 

7.65 

11.48 
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4-1 

Si 

6-5 

7-7 

9.0 

104 

11.8 

13.2 

147 

16-3 

179 

19.6 

21.3 

2JO 

5l 

4-S 

S'7 

7X) 

84 

9.8 

11.2 

12.7 

H-3 

159 

17.6 

19.3 

21.1 

32.9 

2^ 

6 

4-9 

6.2 

7.6 

9.1 

10.6 

12.1 

13-8 

\li 

17.2 

18.9 

20.7 

22.7 

24.7 

3-3 

t\ 

5-3 

6-7 

8.2 

9-8 

114 

13.1 

14.8 

18.5 

20.4 

22.3 

lt\ 

36.5 

«-S 

6J 

1*^ 

7.3 

8.9 

10.5 

12.3 

14.1 

15.9 

17.8 

19.8 

21.8 

23.9 

28.3 

t.7 

6i 

6.1 

7-8 

9-5 

11,3 

13-2 

iSi 

17.0 

19.1 

21.2 

2J.3 

25-5 

27.8 

;o.i 

1-0 

7 

6.6 

84 

10.2 

12.1 

14. 1 

16.1 

18.2 

204 

22.6 

Ts 

27.2 

29.7 

33.2 

3-4 

7\ 

7-0 

8.9 

to.9 

12.9 

iS.o 

17.2 

194 

21.7 

24.1 

29.0 

31.6 

36.3 

li 

7k 

7S  !    95 

11.6 

13.8 

16.0 

18.3 

20.7 

23.1 

2S.6 

28.2 

30.8 

33-5 

7i 

8.0 

10.2 

124 

H-7 

17.0 

19-5 

32.0 

H-S 

37.2 

29.9 

327 

35.5 

384 

3-9 

8 

8-5 

10.8 

13.2 

IS.6 

18.1 

20.6 

23.3 

26.0 

28.8 

31.6 

3J.6 

365 

37.6 

40.7 

4-» 

8i 

9-0 

"S 

1+.0 

16.S 

19.2 

21.9 

24-7 

27-5 

305 

33-5 

39-7 

43-0 

n 

8i 

9-6 

12.1 

14.8 

17.5 

20.3 

23.1 

26.1 

39.1 

32.2 

35.3 

38.6 

41.9 

45-3 

8! 

10. 1 

12.8 

15.6     18.5 

21.4 

24.4 

27.S 

307 

33-9 

37.2 

40.6 

44-1 

477 

4-9 

9^ 

10.7 

13.6 

16.5 

19.5 

22.6 

257 

29.0 

32.3 

357 

39-2 

42.8 

464 

50.1 

5-2 

9 

11.3 

14-3 

17.4 

20,5 

23.8 

27.1 

30.5 

34.0 

37.6 

41.2 

4S.O 

48.S 

52.7 

P 

9 

11.9 

15.0 

18.3 

21.6 

25.0 

28.5 

32-1. 

357 

39.5 

43-3 

47.2 

51.2 

553 

9 

12.5 

15.8 

19.2 

22.7 

26.3 

29.9 

33-7 

37.5 

414 

454 

49-5 

537 

57.9 

6.1 

lO 

13.1 

16.6 

20.3 

23.8 

37.6 

314 

35-3 

39.3 

434 

47-6 

519 

56.2 

60.7 

64 

10         (3.8 

'I* 

21.2 

25.0 

28.9 

32.9 

37.0 

41.2 

455 

49.8 

54-3 
56.7 

58.8 

63.5 

6.7 

10* 

loi 

»4-5 

18.3 

22.2 

26.2 

30.3 

34-5 
36.0 

387 

431 

47-5 

52.1 

61.5 

5^3 

7-1 

15.1 

191 

23.2 

274 

3«7 

40.S 

450 

497 

544 

59.3 

64.2 

69.2 

74 

II 

15.8 

20.0 

24.3 

28.6 

331 

37.6 

42.3 

470 

SI.9 

56.8 

61.8 

66.9 

72.1 

77 

1 

Ilj 

16.5 

30.9 

35-4 

29.9 

34-5 

39-3 

44.1 

49.0 

56.4 

59-2 

644 

69.8 

75-2 

8.1 

II 

u 

17-3 

31.8 

26.5 

3«-2 

36.0 

40.9 

46.0 

51.1 

61.7 

671 

727 

78.3 

84 

18.0 

22.7 

276 

3»-S 

37-5 

427 

479 

53-2 

587 

64-2 

69.8 

75-6 

814 

8.8 

13 

18.8 

23.7 

28.7 

33-9 

39-1 

r^ 

49.8 

57.6 

61.0 

66.8 

72.6 

76.8 

84-7 

9.2 

1 

12 

19.5 

14.7 

29.9 

35-2 

40.7 

51.8 

63.5 

694 

75-5 

81.7 

88.0 

9-6 

12 

30.3 

15.7 

3M 

36.6 

42.3 

48.0 

53.9 

59.8 

65.9 

72.1 

784 

84.8 

91.3 

IOU> 

13 

21. t 

26.7 

32-3 

38.1 

43.9 

49.9 

SS-9 

62.1 

684 

74.8 

81.3 

88.0 

9*7 

104 

13 

21.9 

17.7 

33.6 

39.5 

45.6 

51.8 

58.1 

6^!8 

71.0 

77-6 

84.3 

91.2 

98.2 

ia.8 

"3l 

32.8 

38.8 

34.8 

4I.O 

47.3 

53-7 

60.2 

73.6 

804 

87.4 

94-5 

101.7 

11.3 

1 

*M 

23.6 

29.8 

36.1 

425 

49-0 

55-6 

6^;^ 

69.3 

76.2 

83.3 

90.S 

97-8 

105.3 

11.6 

1 

"3l 

24s 

30.9 

374 

44-0 

50.8 

57.6 

7J7 

78.9 

86.2 

93-7 

101.3 

108.9 

tljO 

I 

H 

25-4 

32.0 

38.8 

456 

52.6 

59.7 

66.9 

'Ai 

81.7 

89.2 

96.9 

104.7 

112.7 

11.S 

1 

14 

26.3 

33-1 

40.1 

47-2 

544 

61.7 

69.2 

84-S 

92.3 

100.2 

108.3 

116.5 

12.9 

I 

H 

27.2 

34-3 

41-5 

48.8 

56.3 

63.8 

71-s 

794 

873 

95-3 

103.5 

II  1.9 

120.3 

t34 

■ 

'4 

28.1 

355 

42.9 

SO-5 

58.2 

66.0 

73-9 

Szx> 

90.2 

98.4 

106.9 

"5  5 

124.3 

«3-8 

'S^ 

291 

36.7 

44-3 

52.1 

60.1 

68.1 

76.3 

84-7 

93.1 

101.7 

1104 

119.2 

138.3 

'♦•1 

'5} 

30.0 

37.9 

45.8 

53  9 

62*0 

70-4 
72.6 

78.8 

874 

96.1 

104.9 

113.9 

123.0 

132.2 

14.8 

'M 

3IJ3 

39-> 

47-3 

55.6 

64.0 

81.3 

90.1 

99.1 

108.2 

1174 

126.8 

136.3 

«5.3 

isi 

J2^ 

40.3 

48.7 

57-3 

66.0 

74-9 

83.8 

929 

102.2 

ni.5 

121.0 

130.7 

1404 

J57 

For  Moment  sA  Irtcrtla,  deductinR  for  rivet  holes,  multiply  tabular  value  by  net  width.                   | 
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^^^^^                                           TABLE  S.— Continued^ 

■ 

MokEPiTS  OF  Ikertia  of  Two  Plates  One  Inch  Wide,  Axis  X-X, 

™ 

' ' — f 

Moments  of  I  QeniA                           V                             A'       !                                  For  Disiances 
ofTwoPUie*                                 * 4                                       Meu*ured 

Ooe  Inch  'Widm,                                                                                                                         rrom 

Axis  X-X. 

;                                loiklc  to  Iniidc. 

-l- 

<>-..l''-> 

d 

lu. 

Tbicknn*  ot  PLue  in  Inches, 

i 

A 

1 

A 

1 

A 

1 

» 

t 

}l 

I 

11 

1 

1 

i6 

33.0 

41.6 

50.2 

591 

68.1 

77.3 

86.4 

95.8 

105.3 

114-9 

1 28^4 

134.6 

144-7 

16.3 

16^ 

34.0 

42.9 

51.8 

60.9 

70.2 

79-5 

89.0 

98.7 

108.5 

1184 

138.6 

149.0 

16.8 

l6i 

351 

44-2      53-4 

62.8 

72.3 

81.9 

91.7 

101.6 

111.7 

121.9 

132.2 

142.7 

153-3 

^H 

l6i 

36.1 

45-5 

SS-0 

64.6 

74-4 

84-3 

94.4 

104.6 

114.9 

1254 

i$6jo 

146.8 

157.7 

X7.8 

m 

42.8 

53-9 

65.1 

76.4 

87.9 

99.6 

111.4 

123-3 

135-5 

147-7 

160. 1 

172.7 

185.5 

21.1 

IS 

43.9 

55-3 

66.8 

78.5 

90.3 

102.2 

114-3 

126.6 

139.0 

151.6 

164.3 

177.2 

190.3 

31.7 

30 

52-5 

66.1 

79-8 

93-6 

107.7 

121.9 

1 36. 3 

150.8 

165.5 

180.3 

1954 

210.6 

226.0 

36.0 

20 

53.8 

67.7 

81.7 

95-9 

110.3 

124.8 

139.5 

1544 

169.4 

184.6 

200.0 

215.6 

231.3 

26.6 

22 

63.3 

79-6 

96.0 

112.6 

1294 

146.4 

163.6 

1S0.9 

198.5 

216.2 

234.1 

352.2 

270.5 

31.3 

'^H 

33 

64.7 

81.3 

98.1 

115.1 

132.3 

149.6 

167.2 

184.9 

202.8 

220.9 

339.2 

257.6 

276.3 

32.0 

»4 

750 

94-3 

113-7 

133-3 

153.2 

173-2 

«934 

313.8 

234.S 

255.3 

276.3 

297.5 

319-0 

37-1 

^^1 

24 

76.6 

96.2 

116.0 

136.0 

156.3 

176.7 

197.3 

2X8.1 

239.2 

260.4 

281.8 

303.5 

325.3 

37.9 

26 

87.8 

110.3 

132.9 

155-8 

178.9 

202.2 

225.8 

249-5 

373.5 

297-6 

322.0 

346,6 

371-5 

43-5 

26 

89.4 

112.3 

135-4 

158.7 

182.3 

206.0 

230.0 

354.1    278.5 

303.1 

328.0 

353-0 

378.3 

44-3 

2fi 

101.5 

127.5 

153.7 

180.0 

206.7 

233-5 

260.6 

287.9   3»5-5 

343.1 

371.2 

399-5 

428.0 

S0.3 

28 

10J.3 

129.7 

156.3 

183.2 

2ia3 

237-6 

265.1 

292.9 

320.9 

349-2 

377.6 

406.3 

435-3 

SI.2 

30 

116.3 

146.0 

175-9 

ao6.o 

236.4 

267.1 

297.9 

329-1 

360.5 

392.1 

424.0 

456.1 

488.5 

57-7 

30 

118.2 

148.4 

178.7 

209.4 

340.3 

2714 

302.8 

3344 

366.3 

3984 

430.8 

4634 

496.3 

58.6 

^^1 

3» 

132.0 

165.7 

199-6 

233.8 

268.2 

302.8 

337-8 

373-0 

408.5 

444-2 

480.3 

5164 

5S3.0 

^■^ 

^^1 

3a 

134.1 

168.2 

201.7 

237.3 

272.3 

307-5 

342.9 

378.7 

4«4-7 

450.9 

487-4 

524.2 

561.3 

66.5 

34 

148.8 

186.7 

324.0 

263.2 

301.9 

340.9 

380.1 

419.6 

459-5 

499.5 

539.9 

580.5 

621.5 

73-9 

It 

150.9 

189-4 

228.1 

267.0 

306.3 

345.8 

385.6 

435-7 

466x> 

506.7 

547-6 

588.8 

630.3 

74-9 

166.5 

208.9;  251.5 

294-5 

337-7 

381.2 

425-0 

469.1 

S>3-5 

558.1 

603.1 

648.3 

694.0 

82.7 

36 

16S.8 

311.7 

255.0 

298.5 

342.3 

386.4 

430.7 

4754 

5204 

565.7 

61  z. 2 

657.1 

703.3 

83.8 

38 

18S-3 

232.4 

279-7 

3274 

3754 

433-7 

472-3 

521.2 

570.5 

630.0 

669.8 

720.0 

770.5 

92.0 

38 

187.7 

235.4 

283.4 

331.7 

380.3 

429.2 

4784 

527.9 

577.8 

617.9 

678.4 

729.2 

780.3 

93.2 

40 

305.0 

357-1 

309.5 

362.2 

415-2 

468.S 

532.2 

576.1 

630.5 

685.1 

740.1 

795.3 

851.0 

101.9 

40 

207.6 

260.3 

313.3 

366.6 

420.3 

474.3 

528.6 

583.2 

638.2 

6934 

749.1 

805.0 

861.3 

103.1 

4a 

225.8 

283.1 

340.7 

398.6 

456.9 

515-5 

574.5 

633.8 

693.5 

7534 

813.8 

8744 

9355 

112.3 

41 

238.4 

286.4 

344-7 

403.3 

462.3 

521.6 

581.2 

641.2 

701.5 

762.2 

823.3 

884.6 

946.3 

113.6 

+4 

247-5 

310.3 

3734 
377-6 

436.9 

500.7 

564.8 

629.4 

694.2 

759.5 

825x3 

891.0 

957.3 

1024.0 

123.1 

44 

250.3 

313.8 

44J-7 

506.3 

571.1 

6364 

702.0 

767.9 

834.2 

900.9 

967.9 

1035.3 

124.6 

<5 

270.3 

338.8 

407.6 

476.8 

5464 

6164 

686.7 

7574 

828.5 

899.9 

971-7 

1043.9!  1116.5 

«344 

46 

273-2 

M2^ 

412.0 

481.9 

552.3 

623.0 

694,0 
746.5 

765.5 

837.3 

909.51  982X>]i055.o 

1128.3 

U5.9 

♦! 

294-0 

368.S 

4434 

518.6 

594.i 

670.2 

823.3 

900.5 

978.01055.9  1134.3 

1213.0 

146.3 

48 

297-1 

372.3 

447-9 

523^ 

600.3 

677.0 

754.2 

831-7 

9097 

988.0  1066.7  1145.8 

1*35.3 

147.8 

50 

318.8 

399.5 

480.6 

562.0 

6439 

726.2 

808.9 

892.0 

975-5  l0594'ii43-6  1228.4  I1313.5 

158.6 

50 

321.9 

4034 

485.3 

567.6 

650.3 

7334 

816.S 

900.7 

985.01069.71154-8  1240.4  1326.3 

160.2 

53 

344-5 

43t-7    5<9-3 

607.3 

695.7 

784-5 

8737   9634  "053.5  ii44-o,'23i.9 
882.0   972.5  10634  ii54.7|  1246.5 

1326.3  1418.0 

171.5 

52 

347.8 

435.8    524.2 

613.0 

702.3 

79J.9 

1338.7  I43J.3 

X73.1 

54 

371-J 

4652    559-5 

6543 

7494 

845-0 

941.1  1037.5  1134-5  1231-81329.6 

1427.8 '1526.5 

184.8 

54 

374-7    469.4    5^-6 

660.2 

7563 

852.7 

949.7  1047.0  1144.8,1243.0,1341.7 

1440.8  1540.3 

186.5 

55 

399.0   499.9   601.2 

703.0 

805.2 

907.8 

1010.9  1 1 14.5  1218.5  1322.9,1427.8 

1533-2  1639.0 

198.6 

sH 

4D2.6   5CH-3    606.5 

709.3 

812.3 

915-8 

I0l9-8'ii24.3  I229.3'1334.5!l440.3 

1546-6  1653.3 

300.4 

For  Moment  of  Inertia,  deducting  for  rivet  holes,  multiply  ubuUr  value  by  net  width. 
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^^^^^m                                                                     5.— Continued.                                      ^^H^^^l 

V                             Moments  of  Inertia  of  Two  Plates  One  Inch  Wide,  Axis  X-X.                       1 

Moments  of  InertiA 

of  'I'wo  Plates 

One  iDcb  Wid«. 

A»U  X-X. 

^"1              M 

t                                             [rum                                           ■ 
!                                  luwide  u.  Iiuiae.                                1 

e.„.,*-> 

lu. 

S 

6oi 

Thicker  oT  Plate  in  Ucbe*.                                                                                     | 

i 

A 

1 

A 

i 

A    1     . 

ik 

i 

il 

1 

15*9-5 

1542.5 
1634.7 
1648.1 

U 

t 

1 

»13X> 
214.8 
2^7.8 

2297 

427.8 

43t-4 

427.5 
461.3 

535-9 

540.5 
573-1 
577-8 

644-4 
649.9 

689.2 

694-8 

753-5 
759.9 
805.7 
812.3 

862.9 
870.3 
922.7 
930.3 

972.9 
981. 1 
1040.1 
1048.7 

1083.3 
1092.5 
1 158.1 
1 167.6 

1 194. 1 

1204.3 
1276,5 
1287.0 

UOSS 
1316.5 

"3955 
1406.9 

<4«7.3 

1429.3 
1514.9 

'527-3 

1642.3 
1656.1 

i755-< 
1769.5 

<75S.5 
1770.3 
1876.0 
1891.3 

61} 
62} 

64} 

488.3 
492.2 
520.0 
524.1 

611.6 
616.5 
651.3 
656.4 

735-4 
741.2 
783.1 
789.1 

859-7 
866.5 
915.4 
9224 

984-4 

992.3 

1048.2 

1056,3 

1109.7 
II  18.5 
1181.5 
1190.6 

1235-4 
1245-3 
1315-3 
1325-4 

13617 

1372-5 
1449.6 
1460.8 

I488.5!i6i57 
1500.3,1628.5 
IS84.5I1719-8 
1596.7  1733-0 

"743-5 
1757.3 
1855-7 
1869.9 

18717 
1886.5 
1992.1 
20074 

2000.5 
2016.3 

2129.0 
2145-3 

143-2 
245" 
259.0 
261.0 

I 

^1 

Si 

552.8 
556.9 
586.5 
590.8 

692.3 
697.5 
734-5 
739-9 

832.3 
838.6 
883.0 
889-5 

972.9 
980.1 
1032. 1 

1039.6 

1113.9 

1122.3 
1181.7 
1190.3 

"55-5 
1 264.9 
13318 
«34'-S 

1397.6 
1408.1 
1482.5 
1493.2 

1540.3 
1551.8 

1633-7 
1  45.6 

1683.5  1827.2 
1696.0  1840.8 
i785-5'i937-8 
«798.4i«95<-8 

<97>.4 
,986.1 
2090.6 
21057 

2116.2 
2131.9 
2244.0 
2260.2 

2161.5 

3278.3 
2398.0 

2415-3 

275-4 
2774 
292.2 

294^3 

70} 
70} 

7»J 

621.3 
625.7 
657.0 
661.6 

778.0 

783.S 
822.8 
828.4 

935-3  1093.1 
941.9  1100.8 

9890u<;5-8 
995.811637 

X251.4 
1260.3 
1323.2 
1332.3 

1410.3 

1420.3 
1491-I 
15014 

1569.8 
1580.9 
1659.7 
i6;i.i 

1729-9 
1742.1 
1828.8 
1841.3 

1890.5 

1903.8 

1998.5 
2012.2 

2051.6 
7066.1 
2168.7 
2183.6 

2213.3  2375-6 
2228.9  2392.3 
2339-6 '2511.0 
1355-5  2528.1 

2538-5 
2556.5 
2683.0 
2701.3 

309.6 
SI17 

329-6 

78| 

698.4 

736.3 
775.2 
815.1 

874.5 
921.9 

970-5 
10ZO.4 

1051.2 
1 108.1 
1 166.5 
1226.4 

12284 

1294.9 
1363.1 
1433.0 

1406.3 

1482.3 
1560.3 
1640.3 

1584.7 
1670.3 
1758.1 
1848.2 

1763.7 
1858.9 
1 956. 5 
2056.7 

1943-3 
2048.1 
2155.6 
2265.9 

2123.5 
2237.9 
2355-3 
2475.7 

2304.3 
2428.3 
2555-6 
2686.1 

2485.7 '26677 

2619.4  2811.0 

2756.5  2958.1 
2897.^  3108.9 

2R50.J 
3003.3 
3160.5 
33".3 

348.0 

307J3 

406.J 

81} 
88} 

?"-9 
897-8 
940.7 
984.6 

1071.6 
II  23.9 

1177.6 
1232.5 

1287.8 
"3507 
1415.1 
1481.0 

1501.7 
1578.1 

>653.3 
1730.3 

1722.3 
1806.3 
1892.3 
1980.3 

1940.5 
2035.0 
2131.9 

2230.9 

2159-3 
2264.5 
2372.1 
2482.3 

2378.9 
2494.6 
2613.1 
2734.4 

2599.02819.9 
27254  2956.9 
2854-83097.1 
2987.2  3240.6 

3041.3  3163.5 
3189.0  J3421.8 
3340->  ,3583-9 

3494-8  |3749-7 

34*6.3 
3655-3 
3828.3 
4005.3 

426.7 
447-6 
469.0 

490.9 

92 

51 

1029.4 

1075.3 

II  22.2 
II70.I 

1288.6  1548.4 

1346.0,1617.4 
1404.6  1687.7 

1464.5^1759-6 

1809.0 

1889.4 
1971-6 
2055.6 

2070.3 
2162.3 
2256.3 
2352.3 

2332.3 
2435.8 
2541.6 
2649.7 

25950 
2710.1 
2827.8 
2947-9 

28584 
29852 
3 1 14-7 
3246.9 

3122.533874 

3260.913537-4 
3402.3 136</5.7 
3546.713847-2 

3653.0 
3814.6 
3979-8 
41484 

3919.3  !4>86.3 

4092.6  4371-3 

4269.7  14560.3 

4450.5  4753-3 

5i3-3 
536.2 

559.6 
583$ 

r 

98i 
100) 
102} 
104J 

1218.9 
1268.8 

I3»97 
1371.6 

1525.6 
1588.0 
1651.6 
1716.5 

1833-0 
1908.0 
1984.4 
2062.3 

2141-3 
2238.7 
2317.9 
2408.8 

2450.3 

3550.3 
2652.3 

2756.3 

2760.0 
2872.6 

2987-4 
3104.5 

3070.6 
3X95-7 
33234 
3453.6 

3381.9 
3519-7 
3660.2 

3803.5 

36940 
38444 
5997-8 
4>54.2 

4006.9 
4169.9 
4336.1 
4505.7 

4320.6 
4496.2 

4858.0 

4635.0  4950-5 
48234  515"  3 
50154  5356.3 
521 1.3  5565.3 

607.9 
633.8 
658.2 
684.. 

L 

106    1414.4I1782.7 
loS    1478.3  1850.0 
110  ,1533.2  1918.7 

ii2i  1589.1 1988.6 

2141-7 
2222.6 
2305.0 
1388.9 

2501.5 
2596.0 
2692.2 
2790.1 

2862.3 

2970.3 
3080.3 
3192.3 

3223.8 

3345.4 
3469.2 
3595.3 

3586.2 

3721-4 
3859.0 
3999-2 

3949-5 

409S.2 

42497 
4404.0 

4313-5 

4475-9 
4641.3 
4809.7 

4678.5 
4854-5 
50337 
5216.2 

S04*.2 
52339 
5427.0 
5623.7 

54IO.R    :-^-?S  5 
'5614   I 
5821.2       _  1 
6032.016441.3 

^ra5 

^7  5 

r"4-9 

7928 

k 

*l4i, 1645.9  205g.7!2474-3  2889.8 
116  |I703.8!2I32.I  2561.2  2991.3 
118  |l7627i2205.7;2649.6j3094.5 
120  !t82i.6l238o.6l2739-$l3l99*4 

3306.3N723.6 
3422.3I3854.2 
3540.313987-0 
3660.3)4122.1 

4141-8 
4287.0 
4434-6 
4584.8 

4561.0 
4720.8 
4883.3 
5048.5 

4981.0 

5155-4 
5332.8 
5513.2 

5402.0 
5591-0 
5783.3 
5978.8 

5823.8  6246.6 

6027.5  ,6464.9 

6234.6  ;6687.o 
6445-3  I6912.8 

6670.3 
6903-3 
7140.3 
7381.3 

821 .2 

850.1 

8795 
909-4 

For  Moment  of  Inertia,  deducting  for  rivets,  multiply  tabular  value  by  net  width.                             1 

i 

1^                                   J 

HV                                      TABLE  6. 

^^^^1 

Weights  Mn>  '^mmas  op  Square  ksd  Rouvd  Bars  and 

CiRCUMFBREHCES  OP  RotTNT>  BaKS.    ^^t 

One  Ctaic  Foot  of  Steel  Weighing  489.6  lb. 

J 

Weicht    WtiKht 

Arvdi        Area 

Circum- 

Wclfiht 

Weight 

Area 

Ana 

CLrcutn- 

H 

ThicknMi 
or  Diam- 
eter In 
lochcf. 

i 

of 

• 

Bar 

of 
Bar 

of 

ference 

Q 

Thicknew 

or  Dtam- 

elrr  in 

Inches. 

of 

i 

of 

f 

of 

1 

Bar 

of 

(erence 

Q 

1 

ODcFt. 

On*  Ft. 

inSg. 

in  S3. 

in 

One  Fi 

On*  Ft. 

InSq. 

inSQ, 

in 

1 

Loo.. 

Loa«. 

lacht». 

Inches. 

Inches. 

Lon«. 

Inches. 

Iccfaca, 

lacba. 

1 

0 

2 

30.60 

31.89 

34.03 

2504 

q.OOOO 

7,0686 

7.36'32 

9.4248 
9.6211 

c 

.013 

.010 

.0039 

.0031 

.1963 

t 

9-37»9 

-05J 

-0+2 

.0156 

X>125 

•3927 

33-20 

26.08 

9.7656 

7.6699 

9.8175 

A 

.ug 

■094 

.0352 

.0270 

.5890 

A 

34.55 

27.13 

10.160 

7.9798 

10.014 

I 

.312 

.167 

.0625 

.0491 

7854 

I 

3592 

28.20 

10.563 

8.295S 

10,210 

1 

i 

.333 

.261 

.0977 

■0767 

.9817 

^ 

3731 

2930 

10.973 

8.6179 

10.407 

1 
1 

.651 

.375 

.1406 

.1104 

1. 1781 

3873 

30.42 

11-39" 

8.9462 

10.603 

A 

.511 

.1914 

.1503 

1-3744 

A 

40.  IK 

31.56 

11.816 

9.2S06 

10.799 

h 

.850 

.G67 

.3500 

.1963 

1.5708 

i 

41.65 

3271 

13.250 

9.6211 

10.996 

A 

i.oy'i 

.845 

.3164 

.3485 

1.7671 

A 

43  M 

3390 

12.691 

9.9678 

n.192 

1 

1.328 

1.043 

.3906 

.3068 

1.9635 

K 

44,68 

3509 

13.141 

10.331 

11.388 

H 

1.608 

1.262 

.4727 

•37" 

3.1598 

H 

46.24 

36.31 

13.598 

10.680 

11.585 

I.9U 

1.502 

.5625 

4418 

3.3562 

I 

47.82 

3756 

<  4-063 

11.045 

11.781 

i 

3.245 

1763 

.6602 

.5185 

2.5525 

i 

49-42 

36.81 

14-535 

11.416 

1 1 .977 

2.603 

2.044 

.7656 

.6013 

27489 

51-05 

40.10 

M.016 

11-793 

12.174 

1 

it 

2.989 

»347 

.8789 

.6903 

2.9452 

u 

5271 

41.40 

15-504 

12.177 

12.370 

I 

3-400 

2.670 

1.0000 

.7854 

3.1416 

4, 

5440 

4273 

16.000 

12.566 

13.566 

A 

3.838 

3.014 

1.1289 

.8866 

3-3379 

t 

56.  u 

44-07 

16.504 

12.962 

12.763 

1 

4-303 

3  379 

1.2656 

.9940 

3.5343 

57-«5 

45-44 

17.016 

13.364 

12.959 

A 

4.795 

3.766 

1.4102 

I-1075 

3-7306 

A 

59-62 

46-83 

17-535 

13-772 

13.155 

I 

S-jia 

4-173 

1.5625 

1.2272 

3.9370 

I 

61.41 

48.24 

18.063 

14.186 

13.352 

1 

A 

S.857 

4.600 

1.7227 

1-3530 

4.1233 

t 

63.23 

49.66 

18,598 

14.607 

13.548 

1 

6-428 

5049 

1.8906 

1.4«40 

4-3  »97 

65.08 

51. 11 

19-141 

15-033 

13-744 

A 

7^26 

5.518 

2.n6fi.( 

1.6230 

4.5160 

A 

66.95 

52.58 

19.691 

15.466 

13.941 

i. 

7.650 

6.008 

2.2500 

t.767« 

47124 

J, 

68.85 

5407 

20,250 

15.904 

14137 

1 

A 

8.301 

6.520 

2.6406 

1.9175 

4.9087 

t 

70.78 

55-59 

20.8i6 

16.349 

14334 

8.978 

7-051 

2.073Q 

51051 

72-73 

57-12 

21.391 

16.B00 

14.530 

U 

9.682 

7.604 

»-8477 

2.3365 

5.3014 

H 

74-70 

58.67 

21.973 

17.257 

14726 

10.4! 

8.17a 

3.062s 

2.4053 

5-4978 

76.71 

60.35 

22.563 

17.721 

14.923 

1 

11.17 

8.773 

3.2852 

2.5802 

5.6941 

I 

78-74 

61.84 
6346 

23.160 

18.190 

15.119 

11.95 

9.388 

3.5156 

3.7612 

5.8905 

80.81 

23.766 

18.665 

t5-3i5 

H 

12.76 

10.02 

3-7539 

3.9483 

6.0868 

k 

82.89 

65.10 

24379 

19-147 

15.511 

a 

13.60 

T0.6S 

4.utwo 

3.1416 

6.2832 

s, 

85 .00 

66.76 

25.000 

19.635 

15.708 

t 

14^6 

n.36 

4.2539 

33410 

6.4795 

t 

87.14 

68.44 

25.629 

20.129 

[5.904 

15.35 

12.06 

4-5156 

3-5466 

6.6759 

89.30 

70.14 

26.366 

20.629 

16.101 

A 

16,27 

12.78 

4.7852 

37583 

6.8722 

A 

91-49 

71.86 

26.910 

21.135 

16.297 

i 

17.22 

13.52 

5.0625 

3-9761 

7.0686 

I 

9372 

73.60 

27.563 

2I.64S 

16.493 

t 

18.19 

14.38 

5-3477 

4.2000 

7.2649 

t 

95.96 

75-37 

28.223 

22.166 

16.690 

19.18 

15.07 

5.640614.4301 

7.4613 
7-6576 

98.23 

77-15 

28.891 

32,691 

16.886 

A 

20.20 

15.86 

5.9414 

4-6664 

A 

100.5 

78.95 

29-566 

33.331 

17.082 

1 

21.2$ 

16.69 

6.3500 

4-9087 

7.8540 

». 

102.8 

80.77 

30.250 

33.758 

17-279 

A 

3133 

»7.53 

6.5664 

5.1572 

8.0503 

1 

\ 

105  2 

82.62 

30.941 

24.301 

17.475 

f 

1343 

18.40 

6.8906 

5.4119 

8.2467 

' 

107.6 

84-49 

31.641 

24.850 

17.671 

H 

24.56 

19.29 

7.2227 

5.6727 

8.4430 

. 

i 

110.0 

86.38 

33.348 

25-406 

17.868 

25-71 

20.20 

7.5625 

59396 

8.6394 

II24 

88.39 

33-063 

25-967 

18.064 

1 

26.90 

21.12 

7.9102 

6.2126 

8.8357 

i 

114.9 

90.22 

33.785 

26,535 

18.261 

28.10      22,07 

8.2656 
8.6389 

6.40 1  s 

9.0321 

117.4 

92.17 

34.516 

27  109 

|R.4';7 

i 

29.34      23-04 

6.7771 

9.22H4 

I 

II9.9 

94'>4 

35-254 

27.688 

\HM^ 

1 

L 

« 

21 

i 

■1 

■ 

TABLE  5.- 

—Omiinutd. 

^^^H 

Weights 

AVD  AftEAS  OF  Square  and  Rouni 

)  Bass  and  Circumferences  of  Round  Bars-  1 

OwE  Cubic  Fcxxr  of  Steel  Weighing  489.6  lb.                                          1 

WVight 

Weifcht. 

Area 

Area 

Circuin- 

Wdght 

Weight 

Am 

Area 

Circum- 

ol 

of 

or 

ot 

fermce 

_. 

of 

of 

of 

of 

tvtmce 

Thickn«8 
ctcT  in 

■ 

• 

U 

© 

0 

Thickness 

or  Duun- 

rtcr  in 

■ 

• 

M 

C 

0 

IikJk*. 

.  Bar 

Bar 

B.^r 

Bar 

Bar 

Inches. 

Bar 

Bar 

Bar 

Bar 

B^ 

One  Ft. 

One  Ft, 

in  Sq. 

inSq. 

in 

One  Ft. 

One  Ft. 

iaSq. 

inSQ. 

m 

Long. 

Long. 

lochM. 

Inche*. 

Inches. 

Long. 

Long. 

I&cbc*. 

Incbca. 

Inches. 

6 

121.4 

96.14 

36.000 

28.274 

18.850 

9 

275-4 

216.3 

81.000 

63.617 

28.274 

i* 

125-0 

98.14 

36.754 

28.866 

19.046 

A 

279.3 

219.3 

82.139 

64.505 

28471 

i 

127.6 

100.2 

37.516 

29.465 

19.245 

i 

283.2 

222.4 

83.266 

65-397 

28.667 

A 

130-3 

102.2 

38.285 

30.069 

19.439 

A 

287.0 

225.4 

84-410 

66.296|28.S63|i   | 

i 

U2.8 

104.3 

39.063 

30.6H0 

19.635 

i 

290.9 

228.5 

85.563 

67.201 

29.060       1 

A 

IjS-5 

106.4 

39.848 

31.296 

19-83" 

t 

294-9 

231.5 

86.723 

68.112 

29.256      1 

I 

138.3 

IO8.S 

40.641 

31-919 

20.028 

298.9 

234-7 

87.891 

69.029129452!   1 

A 

140.9 

1 10.7 

41.441 

32.54B 

20.224 

A 

302.8 

237-9 

89.066 

69-953 

29.649       1 

J 

143.6 

II3.8 

42.250 

33183 

20.420 

4 

306.8 

241.0 

90.250 

70.882 

29845       1 

t 

146.5 

114-9 

43.066 

33.834 

20.617 

f 

310.9 

244-2 

91.441 

71.818 

30.041        1 

149-3 

I17.2 

43.891 

34-+72 

20.813 

3 15-0 

247-4 

92.641 

72.760!  30.23S  1    1 

H 

152.1 

1 19.4 

44-723 

35.125 

21.009 

H 

3191 

250.6 

93.848 

73  ^oS 

30434 

1549 

131-7 

45-563 

35-785 

21.206 

I 

323.2 

253-9 

95.063 

74-662 

30.631 

H 

157.8 

123.9 

46.410 

36.450 

21.402 

327-4 

257-1 

96.285 

75.632 

30.827 

1608 

136.2 

47.266 

37.123 

21.598 

331-6 

260.4 

97.516 

76.589 

31.023 

W 

163.6 

128.5 

48.129 

37.800 

21.795 

H 

335-8 

363.7 

98.754 

77.561 

31.032 

7 

166.6 

130.9 

49.000 

38.485 

21.991 

10 

340.0 

267.0 

100.00 

78.540 

31416 

iV 

169.6 

133-2 

49-879 

39-175 

22.187 

A 

344-3 

270.4 

101.25 

79-525 

31.61a 

1 

172.6 

135.6 

50.766 

39.871 

22.384 

i 

348-S 

273-8 

102.53 

80.516 

31.809 

l\ 

175.6 

137.9 

;i.66o 

40.574 

22.5S0 

A 

352.9 

277.1 

103.79 

81.513 

32.005 

I 

178.7 

140.4 

52.563 

41.283 

32.777 

A 

357-2 

280.6 

105.06 

82.516 

32.301 

A 

181.8 

142.8 

53-473 

41997 

22.973 

361.6 

2H4.0 

106.35 

83.525 

32398 

1 

184.9 

145-3 

54391 

42.718 

23.169 

1 

366.0 

287.4 

107.64 

84.541 

32-594 

A 

188.1 

147.7 

55.3x6 

43-445 

23.366 

A 

370.4 

290.9 

108.94 

85.562 

32-790 

^ 

191. 3 

150.2 

56.350 

44.179 

23.562 

i 

374.9 

294.4 

1 10.25 

86.590 

32.987 

1944 

152.7 

57.191 

44.918 

23.758 

A 

379.4 

297-9 

111.57 

87.624 

33.183 

1 

197.7 

155.2 

58.141 

45.664 

23-955 

I 

383.8 

301-4 

112.89 

88.664 

33-379 

- 

H 

200.9 

IS7.8 

59.098 

46.415 

24.151 

« 

388.3 

305.0 

114.22 

89.710 

33-576 

A 

304.2 

160.3 

60.063 

47.173 

34-347 

i 

392.9 

308.6 

115.56 

90.763 

33772 

207.6 

163.0 

61.03s 

47-937 

24544 

I 

397-5 

313.2 

1 16.91 

91.821 

33.968 

i 

310.8 

165.6 

62.016 

48.707 

24.740 

402.1 

315-8 

118.37 

92.886 

34.165 

H 

214.3 

168.2 

63.004 

49-483 

24.936 

H 

406.8 

319.5 

1 19.63 

93956 

34-361 

8 

217.6 

171.0 

64.000 

50.265 

25133 

11 

411.4 

323.1 

I2IX)0 

95.033 

34.558 

iV 

22!.0 

1736 

65.004 

51054 

25.329 

A 

416.1 

326.8 

I22.3S 

96.116 

34754 

i 

224.5 

176.3 

66.016 

51-849 

25-525 

i 

420.9 

330.5 

123.77 

97.205 

34.950 

A 

228.0 

179.0 

67.035 

52-649 

25.722 

A 

425.5 

334.3 

125.16 

98.301 

35147 

■ ' 

2314 

]8i.8 

68.063 

53.456 

25.918 

i 

430.3 

337-9 

126.56 

99.402 

35.343 

■^^ 

2349 

184.5 

69.098 

54.269 

26.114 

t 

4351 

3417 

127.97    100.51 

35-539 

[ 

238.S 

187.3 

70.141 

55.088 

26,311 

439.9 

345-5 

129.39  '101.62 

35-736 

iV 

243X) 

190. 1 

71.191 

55-914 

26.507 

A 

444-8 

349.4 

130.82    102.74 

35932 

i 

345-6 

193.0 

72.350 

56.745 

26.704 

1 

449-6 

353.1 

132.25 

105.87 

36.128 

249-3 

t957 

73.316 

57.583 

26.900 

A 

454-5 

3570 

133-69 

105.00 

36.325 

1 
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Dimensions  and  Elements  of  Supplementary  Carnegie  I  Beams 
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American  Bridge  Cumpany  Standards 


et-^ 

Weiiiht  1 

Lhncth  ow  Span  dj  Fwst 

Pounds 

10 

II 

za 

U 

u 

IS 

16 

17 

xS 

ao 

It 

34 

>* 

as 

30   1 

a 

14" 

U5. 
loa 

95- 
90. 

85. 
80. 

.  ...  J 

rxio 

88 
86 

83 
80 

77 

101 

8t 
79 
77 
74 
71 

73 

i 

88 

66 

63 

82 

66 

63 
60 

^8 

77 
63 
60 
59 
57 
55 

73 
59 
57 
55 

54 

52 

66 
S3 
5« 

48 
46 

60 
48 
47 
45 
44 
43 

55 

44 
43 
41 
40 

39 

51 
4> 

39 
38 
37 
36 

47 

38 
37 
36 

34 

44 
35 
34 
SI 
32 

11 

41 

33 
32 

31 
30 
39 

Off. 

-TO 

.tj 

U 

./6 

.iS 

JO 

.22 

.2S 

■i.? 

40 

■47     S4  1 

.62 

39 
29 
28 

27 

26 

23 

33 
2t 

:7L. 
28 

'^ 

25 
24 
21 
20 
19 

20" 

9S- 
90. 
85. 
8a 

75- 
70. 
65. 

74 
71 
69 
67 

% 

54 
52 

68 
66 

64 
63 
60 
52 

50 

48 

63 
6t 

59 

57 
S6 

46 
45 

59 
57 
55 
54 
52 
45 
43 
42 

55 
54 
53 

SO 
49 
43 
4« 
39 

52 
50 
49 
47 
46 
40 
38 
37 

49 
48 
46 
45 
43 

36 

35 

44 
43 
42 
40 
39 
34 
33 
31 

40 
39 

38 

11 

31 

30 

18 

37 
36 

35 
34 
33 

28 

37 
26 

34 
33 
33 
31 
30 
36 
35 
U 

32 
31 
30 
29 
38 

23 

Drf, 



./J 

•'4 

.r6 

•  ro 

.21 

•^4 

•^ 

•?.? 

.40 

•4S 

.^ 

•6S 

•74 

Js_ 

23 
22 

31 
31 

\l 

16 

'5 

18" 

90. 
75. 

1 

55- 

6j 

60 

5? 
56 

45 

44 
43 
^9 

57 
55 
S3 
52 
42 
40 
38 
36 

S3 
51 

IS 

39 

11 

34 

49 

46 
45 
36 
35 
33 

jj_ 
^/ 

46 
45 
43 
43 
34 
33 
3< 
39 

43 

42 
41 
39 
33 
3" 

29 

38 
^7 

4> 
40 
38 
37 
30 
39 
38 
36 

•JO 

37 
36 
35 
33 

11 

2$ 
34 

s? 

33 

3« 

30 

39 
28 
25 
H 
33 

32 
18 

;^ 

16 

33 
33 
3« 

30 

25 

34 

33 

31 

■4S 

31 
30 
29 

28 

33 
21 
21 

20 

■;? 

38 

% 

26 

31 
20 

19 

18 

.62 

z6 
35 
25 
24 
19 

19 
18 

.,'7 

72 

24 
24 
23 
22 
18 
17 

>7 
16 

... 

Dff. 

100. 

95- 
90. 

80. 
75. 

55. 

50. 

45- 

43. 

-/i 

.id 

.1.? 

.S3   1  .Q4 

15" 

S3 

52 

5? 

48 

47 
4« 

3? 

36 
30 
39 

27 
»6 

49 
4H 
46 
45 
44 

36 

35 

11 

36 
25 

46 
44 
43 
41 

40 
35 
34 
32 

11 

25 
23 

32 

43 

4« 

40 
39 
38 
33 
31 
30 
29 

34 
33 

33 
3! 

40 
39 
37 
36 

35 
31 

39 
38 

37 
33 

31 
20 

30 

38 
37 
35 
34 
33 
39 
28 

37 
35 
21 

30 

19 
18 

36 
34 
33 
33 
3< 

11 

35 
34 
30 

19 

18 

17 

39 
38 

27 

36 
36 

33 

31 

21 
30 
17 
16 

»s 

>4 

■57 

37 
36 

35 
34 
34 
30 
30 
19 
18 
15 

<4 

13 

.^4 

35 

H 
33 
22 
22 

19 

18 

'7 
17 
H 
13 

12 

tz 

23 

31 
31 
31 
10 
IS 

17 
16 

>s 

«3 

13 
12 

It 

11 
21 

30 
19 
19 

16 
16 

'5 
14 

13 
11 

II 

10 

20 
<9 
»9 

57 
49 
47 
45 

tl 

34 

3» 

5« 

45 
43 
41 
39 
33 
31 
39 
39 

.1/ 

■'3 

.16 

.tQ 

^2 

•^^ 

.iS 

•JJ 

.7S'-^7 

.fX> 

u" 

55' 
50. 

45- 
4a 

35- 
3<.5 

29 

27 

25 
14 
ao 

19 

36 
35 

33 
33 
IS 
17 

34 

32 
31 
30 

17 
16 

32 
31 

30 
18 
16 

30 

«9 

18 

"7 
14 
>4 

19 

18 

\l 

H 

13 

18 

i7 
16 

15 
>J 
12 

17 

l6 
«S 
"4 

13 

It 

16 
15 
"4 
>3 
11 
II 

14 
tz 

TO 

to 

12 

13 
11 
9.2 

8-7 

11 
11 
II 

10 

8.0 

It 

10 

9.8 
9.3 
7.8 
7.4 

1    10 
9.6 
9.1 

8-5 

9-5 
9.0 

84 
8.0 
6.8 
6.4 

A/. 

'* 

•/7 

.20 

•^i 

•^7 

-J/ 

JS 

.40 

■4S 

■ss 

\-67 

79 

•<?.? 

T.I 

/-? 

... 

or 
fifiha 

■rd 

Th< 
theft 

For 
valuc! 

Fl« 

For 
crllinj 

?  figures 
id  react  u 

load  cor 
1  Kiven  ft 
urcft  fur 

fix  urea 

icive 

ana  fn 
iccnlr 
>r  drfl 
dcflecl 
at  rlj! 

thesa 
>ra  m( 

atcd  a 
eciJon 
tons  a 
ht  of 

fe  un 
e  unif 
tccnf 

ire  Riv 
hcav^ 

Ifona 
orm  I 
jcr,  ui 

m  in 

load 
oadL 
e  one 

inch< 
ag  II 

in  toi 
n  tho 
^half 

nm,  c 

u.  ba 

uaaiu 
of  fig 

leflrc 

«edc 
ao( 

ures 

tioni 

m  ocl 
;x>anc 
givci 

are  ( 

crane 

la. 
1  for 

:onfiic 

aIlo« 
Icred 

atra 
ruble 

cxcn 

»  of 
load 

ulve 

16.000  lb., 
and  four- 

for  plaatri 

'29 


d 


TABLE  \2.—Conliniud: 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  I  Beaus. 

American  Bridge  Company  Standards. 
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Ls?(CTif  or  Spam  in  Fnt, 

4 

5 

34 
31 
29 
26 

6 

38 
26 

24 
32 

.06 
22 
20 
18 
17 

07 
15 
14 
13 

.07 
11 
10 

9.2 

A)0 
7.8 
7.1 
6.5 

,10 

5-4 

4.8 

4-3 
.12 

3.2 
3.0 
2.8 
2.7 

■rs 

7 
U 

22 
20 
19 

B 

31 

20 
18 
16 

9 

19 
17 
16 
14 

ID 

17 
16 

14 

I? 

.^7 

13 
12 
11 
10 

.iS 

9-1 
8.6 
8.1 
7.6 
.^/ 

6.4 

6.0 

5-5 

,J4 

11 

'5 
<4 

13 

12 
..W 
12 
II 

9.9 
9-2 

8-3 
7.8 

7-3 
6.9 

•-i 

5.8 

54 
5.0 

13 

«4 

13 

12 
II 

-14 
II 
10 

9.1 

8.4 

'^7 
7-6 

?:7 
6.3 

u 

>3 
12 
II 

to 

10 

8.4 
7-7 
■  ?/ 
70 
6.6 
6.2 
5.8 

•Ti 

14 

12 
It* 

10 

IS      lA 

u'u 

10  [9.8 
9.5 18.9 

87l8j_ 
■J7^'4^ 

17 
10 

9-2 

8.4 
7.7 

ZS  1  M  1  »    1  24 

10" 

II 

40. 
35- 
30- 

94 
8.7 
8.0 

7-2 

8.5  7.7  7.1 
7.8  7.1  6.5 

7.2i6,5  6.0 

ii;i2.ii 

.6*5!.J.'0;.pi 

Dff. 

.... 

.04 
27 

24 

20 

.oif 
»9 

:^ 

17 

IS 
»4 
13 

>S 
13 

12 

II 

./J 
10 
9.6 

9.0 
84 

•/7 

^:^ 
6.1 

.IQ 

5-2 
4-7 
43 

4<y  '..W 

9" 

35- 
30. 

21. 

li 
7.8 

7-2 

8.8 
8.1 
7-3 

.41 

8.3 
7.5 
6.8 
6-1 

7.8  7.4  6.6 
7.1  6.7  6.0 
6.4  6.1  54 
5  9  iA  5  0 

6.0 

S-S 

4.6 

5-5 
5.0 

4-5 

I4.2 

/v/. 

■OS 
iB 

17 
i& 

»5 

.09  i  ./J 

•■fr 

.S;\.6o  .r4\.So\i.t 

8" 

25-S 

20.5 
18. 

13 
12 

12 

U 
./(? 
9.2 

8.5 
7.9 
,fj 
6.6 
6.1 

ii 
./^ 

4.6 

4-2 

3.7 

11 
II 
to 

9-5 
•13 
8.0 

?:| 

dL 

5.8 

:i 

4.0 
3.6 
3.2 
.2/ 

6.5 
6.1 

5-8 

*i-4 

U.I 

57 
54 

51 

■iZ 

57 
54 
s-< 

}7 

:1L 
4.0 

3-7 

li 
.6/ 

2.6 

^•f 
7' 
2.0 
1.8 
(.6 

54 

S« 
4.8 

U- 

.(5o 

3.8 
3-5 
11 
.68 

2-7 

2.5 
11 

19 
'7 
U. 
06 

4.5 
f2 
.67 

3.6 
3.3 
3.1 

2L 

4-6  4-2 
4-3  3-9 

4.0  37 
3-«  34 

3.6 
34 
li 
tj 

2.7 

2-5 

11 

LL 

Off. 

12 
10 

9-7 
.04 

.OS 

»3 
12 
11 

9.3 
8.S 
7.8 
.07 

6.5 
5-8 

?-2 

^i 
3-6 

3-4 

±L 

.to 

j^j.o 

7" 

20. 

15- 
Off. 

54 

4.6 

4'-V 
4.6 

4-3 

40 

4-6 
43 
3-9 
4« 

4-3 
4.0 

H. 
■IL 

1:1 
2.6 

2.2 

"•9 
1-7 

3.2 
3-0 

2.8 

:21 

. . . 

2.9 
2.7 

i.i 

K 

17.25 
«4-75 
12.25 
Def. 

4-7 
4.3 

3-9 

.j8 

4-1 

3-9 

3.9 
3.6 

3-2 

.40 

3.6 
3.3 
3-0 
47 

2-5 

2.3 
2.0 
_J6. 

3-3 

3.0 

2.8 

•S4 

23 
2.1 

1.8 

s" 

1+75 
12,25 

9.75 

8.1 

1:1 

3.6 
32 
2.9 

■27 

3.2 
2.9 
2.6 

2.9 
2.6 

2-3 

.40 

1-7 
1.6 

i-S 

1.4 

■SO 

•94 
.87 
.80 

.67 

2.7 

24 
2.2 

•4S 
1.6 
>S 
14 
».3 
.A> 

.86 
.80 

■7? 
Jo 

Dff. 

■OS 
4.S 
4.5 
4» 
4.0 

.07 
2.6 

2-4 

2.2 
.op 

.f*S  \-74 



4" 

10.5 

9-5 

8.5 
7-5 

2.7 
2.6 
2.4 
2.3 
.20 

24 
2.3 
2.1 

2.0 

.j6 

2.1 

2.0 

.ji 
1.2 
I.I 

.98 

1.9 

1.8 

■4i 

I.O 

.96 

.88 

SS 

... 

::;:  :;; 

Drf. 

.    .  .    . 

.... 

... 

7T~ 

... 

~ 

3" 

1.1 

2.1 

1.9 

1.7 
1.6 

*-5 
1-4 

-?7 

13 
1.2 
I.I 

•3S 

■  ■  ■   • 

.... 

... 

... 

... 

... 

Drf. 

The  figures  give  the  safe  uniform  loafl  in  tons,  based  on  extreme  fibre  stms  of  x6,ooo  lb.,  or 
the  rnd  reactions  from  eafc  uniform  load  in  thousands  of  pounds. 

For  load  concentrated  at  center,  use  une-half  of  figures  given  for  safe  loadi  and  four-fifths  of 
the  values  given  for  deflertioaa.     Figures  for  detlectionii  arc  fiven  in  Uichea. 

For  fidures  at  right  of  heavy  zigzag  lines,  deflections  :ire  excessive  for  plastered  ceiUngf. 

TABLE  Ua. 
Percent  of  Tabular  Safe  Loads  for  Beams  and  Cn\ssr.ts  VVmioL'T  Lateral  Supfort. 


Authority. 

Ratio  of  Span,  ot  Diftance  Between  Lateral  Supports,  to  FUnge  Width.                       | 

10 

15 

30 

as 

JO 

3S 

40 

73 
44 

4S 

67 
Ratu 

50  1  55  :  60  ]  6s  1  70  1  75  1  »0  1  8s 

90  1  95  'too 

Cambria 

Any    B.  Co. 

100 

100 

100 

91 

99 
81 

93 

72 

87 
63 

61  Is^is"  i47l43l39l36!?3 
M  above  not  a  lowed  hv  Amcncai 

30 1 28  !  26 

1  BridRr  Co. 

1  iie  tabular  safe  loads  should  be  reduced  in  accordance  witJi  the  ratio*  given  in  the  above  tabic 
in  order  to  insure  that  the  stresses  in  the  compression  tiangc*  should  not  exceed  the  allowed  unit  ttres*. 
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TABLE  13. 
Safe  Loads,  ik  Tons,  avd  Deflectiovs,  Supplementary  I-Beaus. 


sue. 

Weisht. 

Spaa  in  Feet,  Safe  Uniform  Load  in  Tons,  and  DcOectioa  is  Inches. 

27" 

83.0 

Span 

10 

11 

12 

n 

«4 

15 

16 

17 

18 

20 

22 

24 

26 

:8 

30 

Load 

i"4 

104 

95 

88 

81 

76 

71 

67 

63 

57 

52 

47 

44 

40 

38. 
■SS 

Def. 

j*6 

.oS 

OQ 

ro 

.12 

./^ 

.16 

./.y 

.JO 

.^i 

'SO 
22 

■35 

.4^ 

H 

69.S 

Span 

10 

II 

12 

(J 

H 

15 

16 

17 

18 

10 

H 

26 

28 

30 

Load 

86 

78 

7< 

66 
12 

61 

57 

53 

so 

47 
,22 

43 

.28 

39 

35 

33 
-47 

JO 

S4 

28 

.62 

Off. 

07 

.ft? 

.10 

,14 

./(5 

.7* 

.PV 

21 

57-5 

Span 

9 

10 

11 

U 

H 

»S 

16 

«7 

iS 

20 

22 

H 

26 
24 

28 
22 

Load 

69' 

62 

S6 

51 

48 

44 

4t 

59 

36 

34 

31 

28 

26 

Dff. 

.06 

.01 

.10 

./^ 

•'J 

./J 

.20 

.*J 

•J5 

.32 

.S8 

-4S 

IS 

46.0 

Span 

8 

9 

10 

II 

12 

»3 

14 

»5 

16 

17 

^5 

|8        20 

22 
20 

24 
18 

26 

16 

Load 

54 

48 

43 

39 

}^ 

33 

31 

29 

27 

24 

21 

Drf. 

.06 

.08 

.09 

.// 

11 

.16 

12 

"3 

.J/ 

•24 

■^7 

■.?o 

■37 

4S 

'S3 

.62 

IS 

36.0 

Span 

7 

8 

9 

10 

14 

20 

.5 

16 

»7 

18 

20 

22 

H 

Load 

4< 

36 

32 

29 

26 

14 

22 

19 

i9 

17 

16 

14 

«3 

12 

Off. 

,06 
6 

■07 
7 

.09 

8 

9 

0 
10 

./6 
it 

./a 

.22 

--'i 

..^ 

•JJ 

.36 

44 

-S4 

.64 

u 

17-5 

Span 

12 

13 

14 

-S 

t6 

■7 

18 

20 

22 

Load 

19 
.OS 

iS 

22 

20 

18 

16 

15 

15 

12 

12 

11 

10 

10 

8.8 
•5.f 

8.0 
.67 

Dff. 

.07 

.09 

.11 

.14 

./7 

.20 

-'^ 

^7 

J/ 

SS 

.40 

"/i 

to 

32.0 

Span 

6 

7 

6 

9 

10 

it 

12 

13 

H 

»s 

16 

17 

iR 

20 

5-5 

Load 

20 

17 

'5 

15 

11 
'7 

II 

to 

9.3 

8.7 

8.1 
'37 

7-6 
■4^ 

7.1 

67 
^5¥ 

6.1 
.66 

Or/. 

.06 

,oS 

.// 

./J 

8 

I7.S 

Span 

S 

6 

7 

8 

9 

lo 

11 

12 

13 

H 

"5 

16 

17 

18 

10 

Load 

»5 

J3 

II  I9.7 

8.6 

7.8 

7-1 

6.4 

6.0 

55 

5-2 

4.H 

4.6 

43 

3-9 

Drf. 

OS 

.07 

,10 

./J 

■/7 

at 

.■?5 

•30 

.^5 

.^0 

-*<J 

'S3 

,60 

.^7 

Jj 

The  figures  give  the  safe  uniform  load  in  tons,  based  on  extreme  fiber-stress  of  i6,ooo  lb.; 
(}T  the  end  reactiuns  from  safe  unifurm  load  in  thousands  of  pounds. 

For  ]oa<l  concentrated  at  center,  use  one  half  of  figures  given  for  allowable  load  and  four- 
fifths  values  eiven  for  deflection. 

Kigures  lor  deflection  are  in  inches. 

For  fiRures  to  right  of  heavy  zigzag  lines,  deflections  are  considered  excessive  for  plastered 
ceilings. 
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^M 

■ 

T.'VBLE  14 

■ 

■ 

^ 

Properties 

or  Carnegie  CaAjraELS 

1 

ii 

DMtmncc 

1  J 

1 

^ 

5 

1 

J9 

] 

1 

L_._L.„.j 

If 

Section 

Modu. 
lua 

DJft- 

taocc 

froin 

Center 

<A 

Gravity 

MaxifDum 
Bendinc 
Moment 
@  t6.ooo 
Lb.  per 
Sq.  In. 

Back  to  1      1 

u 

quired 
to  Make 

Raduof 
Gvratioa 

EqusI 

ft 

I  e:  Moment 

r  -  Radius  of 

I 

1 

1 

^ 

of  Inertia 

Gyrstioo 

to  Out- 
aide  or 
Web 

Axiai-i 

A»i«a-2 

Aadai-i 

Axu2-;i 

Axui-i 

AJu»f-i 

li 

Ii 

ri 

ri 

S, 

^ 

Ml 

iDCbei 

Pound* 

liich^,  tndiai 

InchM 

tncbef 

iBcbes* 

Incbe* 

locha 

Incbe^ 

locha 

Ft^Lb. 

Incfaa 

M 

55 

16.18 

O.81S 

3.818 

430.2 

13.19 

5.16 

.868 

574 

.823 

76  000 

8.53 

SO 

14.71 

0.720 

3-720 

402.7 

11.22 

5.23 

.873 

537 

.603 

72  OOQ 

8.71 

45 

15.24 

0.622 

3.622 

375" 

10.29 

5.3  a 

.882 

50.0 

.788 

67  000 

8.92 

40 

il.76 

0.524 

3.524 

347-5 

9-39 

5.43 

.893 

46.3 

.783 

62  000 

9.15 

35 

10.29 

0.426 

3.426 

320.0 

848 

5.58 

.908 

427 

-789 

57  000 

943 

33 

9.90 

0400 

3-400 

312.6 

8.23 

5.62 

.912 

4" -7 

.794 

56  000 

9.50 

12 

40 

11.76 

0.758 

34*8 

197.0 

6.63 

4.09 

•751 

32.8 

.72a 

44  OCX) 

6.60 

35 

'2-^9 

0.636 

3.296 

179.3 

590 

*•'? 

-m 

29.9 

.694 

40  000 

6.81 

30 

8.82 

0.513 

3.173 

161.7 

5.21 

4.18 

.768 

26,9 

.677 

36  000 

7.07 

1 

25 

7.35 

0.390 

3-050 

144.0 

4-53 

443 

.785 

24.0 

.678 

32  000 

7.36 

20.5 

6.03 

0.280 

2.940 

I2fi.l 

3.91 

4.61 

.805 

214 

-704 

28  000 

767 

lO 

35 

10.29 

0.823 

3.183 

115.5 

4.66 

335 

.672 

23.1 

.695 

31  000 

517 

30 

8.82 

0.676 

3.036 

103.2 

3.90 

342 

.672 

20.6 

.651 

28  000 

5. 40 

15 

7-35 

0.529 

2.889 

91.0 

3.40 

HI 

.680 

18.2 

.620 

24  000 

5-67 

20 

5.88 

0.382 

2.742 

78.7 

2.85 

3.66 

.696 

15-7 

.609 

21  000 

5-97 

IS 

4.46 

0.240 

2.600 

66.9 

2.30 

3-87 

.718 

«34 

.639 

18  000 

6.33 

9 

2S 

7.35 

0.615 

j.8.5 

70.7 

2.98 

3.10 

.637 

iS'7 

.615 

21  000 

4.R4 

20 

5.88 

0.452 

2.652 

60.3 

2-45 

3.21 

.646 

"3-5 

•S«5 

18  000 

512 

»5 

4-4' 

0288 

2.4S8 

50.9 

"■95 

3.40 

.665 

11.3 

■^ 

15  000 

\t 

13.25 

3.89 

0.230 

2430 

47.3 

«.77 

349 

.674 

10.5 

14  000 

8 

21.25 

6.25 

0.582 

2.622 

47.8 

2.25 

2-77 

.6no 

11.9 

.587 

16  000 

4-23 

18.75 

5-5J 

0.490 

2.530 

43.8 

2.01 

2.82 

.603 

11.0 

.567 

15  000 

4.38 

16.25 

4.78 

0.399 

2.439 

39.9 

1.78 

2.89 

.610 

lO.O 

.556 

13  000 

454 

<3-75 

4-04 

0.307 

2.347 

36.0 

1-55 

2.98 

.619 

2° 

•557 

12  000 

4.72 

ii.as 

3-35 

0.220 

2.260 

32.3 

1.33 

3.11 

,630 

8.1 

,576 

II  000 

4-94 

7 

19-75 

5.81 

0.633 

2.513 

33-2 

1.85 

2.39 

.565 

1:1 

.583 

12  600 

348 

17.2s 

507 

0.518 

2.408 

30.2 

1.62 

a.44 

.564 

.555 

11  500 

3-64 

S4.75 

4.34 

0.423 

2.303 

27.2 

1.40 

2.50 

.568 

7.8 

•535 

10  300 

3-80 

12.25 

3.60 

0.318 

2.198 

24.2 

1.19 

2.59 

.575 

6.9 

.528 

9  200 

3-99 

9.75 

2.85 

0.210 

2.090 

21. 1 

.98 

2,72 

.586 

6.0 

.546 

8  000 

4.22 

6 

15.5 

4.56 

0.563 

2.283 

19-5 

1.28 

2.07 

.529 

6.5 

■546 

8  700 

2.gi 

13.0 

3.82 

0.440 

2.I^X> 

17-3 

1.07 

113 

.529 

5.8 

.517 

7  700 

309 

10.5 

3.09 

0.318 

3.038 

15.1 

.88 

2.21 

.534 

SO 

.503 

6  700 

3.28 

8 

2.38 

0.200 

1.920 

13.0 

.70 

134 

•54^ 

4-3 

-517 

5  800 

352 

5 

11.5 

3.38 

0.477 

2.037 

10.4 

.82 

1-75 

493 

4-2 

,508 

5  500 

2-34 

9 

2.65 

0330 

1.890 

8.9 

.64 

1.83 

493 

3.5 

481 

4  700 

2.56 

6.5 

1.9s 

0.190 

1.750 

7.4 

48 

1-95 

498 

3.0 

489 

3  yuo 

2.79 

4 

7.25 

2.13 

0.325 

1.72s 

4.6 

44 

1.46 

45S 

2-3 

46s 

3  000 

1.85 

6.25 

1.84 

0.252 

t.652 

4-2 

.38 

1.51 

454 

2.1 

t\ 

3  800 

1.96 

5.25 

»SS 

0.180 

1.580 

3.8 

.3* 

1.56 

453 

1.9 

a  500 

2.06 

3 

6 

1.76 

0.362 

1.602 

2.1 

.3« 

1.08 

421 

14 

459 

I  600 

1.07 

_ 

5 

M7 

0.264 

1.504 

1.8 

.25        Ml 

415 

1.2 

443 

t  600 

i.ig 

1 

4 

1.19 

0.170 

I.4ID 

1.6 

.20  1     1.17 

409 

It 

.443 

1  400 

1.31 

k 

L_ 

32 

J 

1 

TABLE   15 
Elements  of  Carnegie  Channels 


t 


^'r 


la. 


15 


13 


10 


H 

n 

Paundi 


In. 


la. 


40 
35 
30 

25 

10. 


8 


i 


i 


A 


A 


A 


i&. 


12I 

I2i 

111 
121 


A 


In. 


t 


2 


4 

2 


It 

<i 
lA 
lA 
iL 

lA 
>A 


I    3 

a  E- 

Xliudmura  \&2B 
Bcndina  |  0° 
Moment 


Ft  .-Lb. 


76  000 
72  000 

67  000 

63  000 

57  000 
$6  000 


44  000 

40  000 

36  000 

32  000 
28  000 


31  000 
28  000 
24  000 
21  000 

iR  000 


21  000 
18  000 
IS  000 

14  OOP 


16  000 
15  000 
13  000 

12  000 
11  000 


12  600 
II  $00 
10  300 

9  300 
8  o^o 


8  700 

7  700 
6  700 
S  800 


5  500 
4  700 
3  900 


3  000 

2  800 

3  500 


I    800 

1  6ao 
t  400 


In. 


I 


In. 


In. 


s 


i 


i 


In. 


A 


aca 


In. 


i 


In. 


12 


XJ 


^S 


13 


w^Vj  — 

XJ 


X^^ 


^^ 


^i 


83 


^^^^f                                                      TABLE  16.                       ^^^^^^^^^^1 

Web  Resestamte^  fob  Chaxxels. 

CiJUfacsx  CauonLS,  From  Olkxccis's  f*ocKEr  Cokpaxjoce. 

o^ 

Wdckt 

Allowd)ir 

.UfewaUe 

Mm.       Ead 
Ead       Reac- 

^   Weight  iAIlowabfc|AIk««hle|   ^    \  ^^ 

Dd. 

iSu 

Web 
Skear. 

BvdcUng 
RoiBCaace. 

Bear-        tion 
»«.      0-34". 

Qkan* 

oeL 

F-S. 

Web 

^Bgtty 

Bent-       tkm 

tadM*. 

Pooado^    Pooado. 

IHmnd* 

per  Sq.  In. 

Incbea. 

Poundo. 

lorhea. 

Pmi&dJL!     Poundo. 

POQUOB      1 

:per  Sq.  la. 

IndMSL  Founda. 

55^          ia»700 

r5>io 

S-7 

93I30 

91.35 

46S60 

16630 

3-8      1  sjjoo 

SOU> 

soBooo 

itJOo 

64t 

»03$0 

18.75 

3VXOO 

16170 

3.9      ,  43S»o 

li 

4$^ 

P33«> 

I4«» 

6-4 

46C40 

8 

I6J5 

31*30 

ISSJO 

3J 

34070 

40'4 

78600 

14040 

6-9 

S33SO 

13.75 

34S60 

X4490 

3-5 

X4«6o 

$Sja 

63900 

1J9O0 

u 

39850 

XI  a$ 

1760a 

I3700 

4-3 

IW70 

13^ 

IJ510 

j6j70 

1975 

443 16 

17090 

*a 

S6780 

SOA 

soaljo 

16ISO 

4^ 

86150 

17  J5 

96960 

16700 

li 

46300 

45^ 

tSt40 

is6to 

SJ> 

71760 

T 

U.7S 

39610 

t6ij0 

3S8  30 

ij 

40  jO 

734  so 

isino 

5-4 

$7a6o 

13.35 

J336Q 

IS190 

3J9 

iSi'ti 

J1J> 

64&IO 

14470 

S.7 

4B540 

9-75 

14700 

13330 

A^ 

us«o 

^^^H 

L 

i$ja 

S«760 

14030 

6j> 

4*770 

^^^H 

I 

»a^ 

4«7SO 

13000 

6J 

33400 

15.5 

33780 

17IJO 

SjO 

48380 

^^H 

r 

40i> 
154 

90060 

763« 

16260 

4-4 

4J6 

Amkvi 

6 

130 

'li 

36400 
19080 
13000 

16640 
■5730 
13610 

3.x 

li 

36610 
35010 
138 10 

U730 

65040 

13 

30^ 

61560 

I49SO 

5* 

498SO 

n-o 

46800 

13670 

5^ 

J466O 

"•$ 

33850 

UI£ 

1.7 

3»930 

**.s 

33600 

1 1570 

7-4 

31060 

5 

9-0 

16500 

tJt 

35670 

6.S 

9500 

14450 

ta 

13040 

1 

35-0 

JOA 

83300 

67600 

T6900 

16440 

!:« 

00070 

7JS 

13000 

16870 

M 

;-:'':o 

lO 

»5-o 

5»9O0 

1J730 

3-0 

40QI0 

4 

6.35 

10080 

16950 

tj 

IKjjO 

^^^H 

t 

S0.0 

3>JO0 

14476 

a 

3316O 

5.35 

7300 

151SO 

1.6 

13370 

^^^H 

1 

154 

94000 

11760 

16970 

^^^H 

r 

6.0 

IOA60 

X7S6o 

1J> 

3?030 

»5>0 

SS350 

16470 

3.a 

SBaao 

S 

54 

7930 

17030 

tja 

191 10 

p 

*O<0 

406SO 

ISSSO 

3.5 

40430 

44 

SIOO 

15940 

]j 

11 530 

15.0 

»59»0 

13590 

4.4 

21500 

1J.JS       30700 

llAJO 

5.1 

16 1 70 
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Safe  «nd  reaction  R  -  A  X  i[«  +  rf/4).    Si/e  bitcrior  k»d  /» -  j/.  X  l(a'  +  d  4)- 

In  tiiese  fonnulu  K  U  Uie  cod  reaction,  P  the  concentnted  Wad,  t  the  web  thicluKsi.  a  lh«  depth  of  tbe  beam. 

d*  half  the  diilanre  ovpr  whi<'h  the  concmtmtFd  load  |i  applied  and  a  tbr  whole  distance  over  which  the  end  reaction 
i«  ap|>lled.  while  /)  la  tbe  sale  rcautance  of  the  web  to  bucUins  in  pounda  per  aquore  inch  by  the  foraula  igooo 

—  looJfir    (dl3  -  /  in  column  (onnula). 

Tbe  table*  civc  for  boinu  with  tuuupportod  weba: 

1.  Tbe  allowable  oheor  V,  on  the  groM  area  oi  beam  or  channel  «eb«  at  10.000  poundi  per  oquarF  Inch, 
a.  Allowable  buckling  re«wtance/».  in  poondi  per  aqttare  inch  computed  from  thu  compression  formula. 

3.  Tbe  difunce  a.  or  the  distance  over  which  tbe  end  rvaciton  must  be  distributed  wben  the  ahearios  mnm. 

V,  in  the  web  la  tlie  maaimuai  allowable  of  10,000  poundi  per  aquare  Inch. 

4.  The  allowable  end  reaction  (R)  when  a  U  taken  at  3^"  which  i#  the  luual  kagih  of  beam  actnatty  readi^ 
on  the  4"  u&slei  ordinutty  lued  In  building  coutnicLkia  for  benm  oeata. 

1 

Camvua  Chaxnxls.  UmroRHLY  Loadko.  Fanw  CAicaaiA  Hakd  Book. 

i 

m 

U 

f 

1^ 

n 

la 

u 

i 

Lb. 

Lb. 

H 

Pi. 

i 
& 

It  isi 

u 

ts. 

Lb. 

Lb. 

Ft. 

In. 

Lb. 

Lb. 

Ft. 

In. 

tn. 

Lb.    !     Lb. 

Fu 

1 

4 

10970 

i.r 

6 

i 

M380 

3-3 

8     '    I8.7S 

Bat  so 

1-5 

la 

30.S    '    4U0O 

5.5 

V 

5 

I7»30 

O.B 

10.5 

39580 

»-4 

,    31. JS       IOI8OO 

1-3 

3S 

75440 

3-5 

6 

3S360 

.6 

11 

58JOO 

I.l 

30 

114330 

3.6 

155 

76540 

1.0 

9 

13.35 

a8iJo 

44 

35 

156000 

3,1 

4 

sas 

I4JOO 

1-4 

If 

i^is: 

>-9 

• 

40 

193930 

X-9 

K 

6.JS 

91660 

1.1 

7 

9.75 

329SO 

3.B 

30 

1.6 

1 

T.aS 

»w«jo 

« 

IJ.JS 
^•4  75 

4J660 
67200 

1-7 
14 

35 

118810 

1.4 

XS 

35 

83430 

95070 

5.4 

4-9 

■ 

f 

6.5 

17300 

lA 

•17.J5 

Sario 

1.3 

10    j   >S 

30570 

4-7 

40 

130940 

4J 

■ 

0 

3S0O0 

1.1 

I0.7S 

908B0 

I.l 

90 

67430 
107670 

3.6 

45 

171400 

3.3 

W 

ll.S 

S4»ao 

^ 

35 

I.O 

50 

3I17SO 

1.8 

B 

11.35 

95560 

3.4 

JO 

147010 
183940 

1.0 

5S 

351710 

8.1 

U.7S 

44800 

t.2 

35 

1.4 

— 

16.25 

fi  H  Jft 

r    H 

D4140        .., 

1 

h 

34 
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TABLE  17 

Safe  Loads,  in  Tons,  and  Deflections,  Carnegie  Channbus 

AMjiRiCAN  Bridge  Company  Standards 


Weight 

LsKCTH  or  Stam  in  PasT 

sue 

rat, 

,         ,         , 

' 

Pounds 

_ 
a 

9 

fO 

II 

II 

13 

M 

15 

t6 

i3 

30 

22 

"4 

13 

a« 

la 

30 

55- 

38 

34 

3i 

2S 

25 

24 

22 

20 

19 

17 

>s 

H 

12 

11 

10 

50. 

36 

32 

29 

26 

24 

22 

20 

"9 

18 

16 

H 

13 

12 

11 

10 

9-S 

45. 

33 

30 

27 

24 

22 

11 

19 

18 

17 

IS 

13 

12 

11 

10 

9S 

8.9 

15 

40. 

31 

27 

25 

12 

21 

19 

IK 

16 

iS 

14 

12 

II 

10 

9-5 

8.8 

8.2 

35- 

:« 

25 

23 

31 

19 

IK 

lb 

>5 

u 

13 

II 

10 

9-5 

8.8 

8.1 

7.6 

33- 

iH 

25 

22 

20 

19 

.i6 

17 

.Hi 

16 

'5 
-'5 

4 

,28 

12 

II 

10 

9.3  !  8-6 

7-9 

7  4 

Def, 

■'V 

.uo 

.// 

./_? 

•,^ 

44 

.f^  '  ■(>4  1  7V 

iV 

■tw 

40. 

22 

19 

ts 

16 

M 

11 

M 

12 

II 

9.7 

8.8 

8.0 

7  3 

6.7 

6-3 

.s-s 

■ 

J5- 

20 

18 

16 

H 

»3 

12 

n 

10 

10 

8.9 

8.0 

7-2 

6.6 

6.1 

5-7 

S-3 

It" 

10. 

IH 

16 

u 

13 

u 

II 

10 

9.6 

9.0 

8.0 

7.3 

6.S 

6.0 

5.5 

5-> 

4.B 

25- 

]6 

H 

n 

12 

II 

9.9 

91 

8.5 

8.0 

7" 

M 

5-« 

5-5 

4.9 

4.6 

4-3 

20.5 
Drf, 

H 

n 

" 

10 

9"? 
.20 

8.8 
.J  J? 

9.S 

8.1 
j£7 

8.8 

7.6 

71 

6.3 
■iS 

5^7 

4-7  !  4-4  i  4'« 

?-t* 

xnj 

.// 

./^ 

.// 

,67 

■70 

-Ci  1  /■/ 

J.2 

4" 

35- 

JS 

14 

12 

II 

10 

8.2 

7-7 

6.8 

6.2 

S-6 

S» 

47 

4-4 

30. 

14 

12 

II 

10 

9.2 

8.S 

7-9 

7-3 

6.9 

6.1 

SS 

SO 

4.6 

4.2 

3-9 

3-7 

10" 

15- 

12 

11 

9.7 

8.8 

8.1 

7.S 

6.9 

6.5 

6.1 

5-4 

4-9 

4.4 

4-0 

3-7 

3-5 

3.2 

10. 

tl 

93 

»4 

7-6 

7.0 

6.S 

6.0 

5-6 

5.3 

4-7 

4-2 

3.8 

35 

3-2 

30 

2.8 

15. 

H.9 

79 

7« 

6.5 

.20 

-LI 

70 

11. 
6.4 

4.8 

4-5 
42 

4.0 

3.6 

.So 

3.8 

3.0  1  2.7  !  2.6 

2.6 

.rr 

•n 

./7 

•f^ 

.66 

as- 

10 

9-3 

8.4 

7.6 

6.0 

v6 

i;.i 

47 

4-2 

3-S 

3-2 

3.0 

9" 

30. 

9.0 

8.0 

72 

6.6 

6.0 

5-5 

■;-« 

4.8 

4!! 

4-0 

3.6 

3.3 

3-0 

2.8 

2.6 

2-4 

15- 

7.; 

b.y 

6.0 

S-S 

S-o 

4.6 

4.1 

4-0 

3« 

^■^ 

30 

2.7 

2-5 

23 

2.2 

2.0 

IJ.25 

7.0 

6.2 

^6 

^> 

4-° 

?-7 

•47 

.60 

2.8 

'74 

2.6 

«'3 

3.2 
X.2 

2.0 
/•4 

1.9 
'•7 

Dff, 

.Si 

•^S 

./* 

^^ 

.^y  1  I.S 

The  fiyurci  give  the  safe  unif 

orm  1( 

jad  in  tons,  based  on  extreme  fiber  stress  of  i6.uuu  lb.,  or 

the  end  reactions  from  safe  unif 

>rm  Ic 

ad  In  thousands  of  pounds. 

For  load  concentrated  at  cent 

rr,  u*t 

*  one-half  of  figures  given  for  safe  loads  and  four-fifths  of 

the  values  given  for  deflections. 

Figures  for  deflections  are  giv 

en  in 

nches. 

For  figures  at  right  of  heavy 

xigxa 

ig  Unea.  deflections  are  considered  exccflsivc  for  plastered 

ccltfnKB. 
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^'^K*"*                                                           Lkngth  op  SpaW  ih  Fkkt                                                          I 

^ze 

F^, 

1 

Pound* 

5 

6 

7 

8     ,    9 

tA 

11 

13 

'3 

»4 

ts 

16 

iS 

10 

32 

34 

21.25 

13 

11 

9.1 

7-9    7." 

64 

5.8 

5-3 

4  9 

4.6 

4-2 

4.0 

18.75 

12 

9-7 

84 

7-3 

6.5 

5.8 

5-3 

4-9 

45     42 

3.9 

3-7 

.... 

8" 

16.25 

XI 

8.9 

7.6 

6.7 

5-9 

5-3 

4.8 

44 

4.t     3-8 

3-5 

3-3 

1 . . . 

13-75 

9.6 

8.0 

6.9 

6.0 

5-3 

4.8 

44 

40 

3-7 

3-4 

3-2 

3-0 

11.2; 

H.6 

7.2 

6.2 

54 

4.8 

4.3 
.21 

3.9 

£1. 
4.6 

3.6 
4.2 

3^3 
•.?5 

3.1 

•4' 

2.9 

2.7 

-  .  .  . 

/)//. 

■05 

,07 

./o 

-'.? 

-'7 

•iJ 

-5.f 

-^ 

»975 

10 

84 

7'? 

6.3 

5.6 

51 

3.9 

3-6 

34 

3.2 

17.25 

9.2 

7-7 

6.6 

5-8 

51 

4.6 

4.a 

3.8 

35 

3-3 

3.1 

3.9 

.  .  -  . 

/' 

»47S 

8.3 

6.9 

5.9 

5-2 

4-6 

4-1 

3.8 

3-5 

3-2 
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2.8 

2.6 

.   .  .  . 

ii.25 
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5-3 

4-6 

4> 

3-7 

3.4 

3' 

2.8 

2.6 

2-5 

2.3 

.... 

975 

Drf. 

6.7 
.06 

':.6 

4.8 

4-2 

3 -7 

3-? 

3.0 

2.8 

3.6 

24 

2.2 

0? 

3.1 

j6t 

.OQ 

.12 

■rs 

./o 

,24 

•20 

M 

.40 

.46 

'55 

7.0 

5-8 

5-0 

4-3 

3-9 

3-5 

3.2 

2.9     2.7 

2.5 

3.3 

2.3 

13. 

6.2 

51 

4-4 

3.9 

3-4 

3-1 

2.8 

2.6 

2-4 

2.2 

2.1 

«.9 

■  t  .   . 

6" 

10.5 

n 

4-S 

3.8 

34 

30 

2-7 

14 

2.2 

2.1 

'•9 

1.8 

1-7 

8. 

3-9 

V3 

2-9 

2.6 

2-3 

2.1 

-<< 

1.9 

I.H 

1.7 

Is 

M 
.7/ 

-^ 

.  .   . 

1.1— : 

D^f. 

■07 

.10 

./^ 

.iS 

.jj 

40  :   47 

■  U 

11.5 

44 

3-7 

3-2 

2.8 

2-5 

2.2 

Z.O 

1.9   1.7 

1.6 

1-4 

c" 

9. 

3-8 

3.2 

2.7 

24 

2.1 

1-9 

'7 

1.6    1.5 

«4 

»-3 

1.3 

. ..  ■ 

S 
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3-2 
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2.3 

2.0 

i.H 

l.fa 

14 

13      12 

T-I 

1.0 
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Drf. 

.oS  !  .12 

./6 

.J/ 

■?7 

.?I 

.40 
I.I 

4^  1  .,-(5 

.65 
.87 

•7¥ 
.81 

-^5 
.76 

-^ 

7.25 

24 

2.0 

»7 

1-5 

*4 

1.2 

1.0 

.94 

6.2.J 

a-2 
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1.6 

»  4 

12 

I.I 

1.0 

m 

.86 

.80 

•74 

.70 

4 

^=5 

2.0 

17 

14 

i.^ 

1.1 

I.O 

.92 

,84 

,7« 

•7: 

-53 

.67 
49 
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t.t 
46 

— 

Dtf. 

.10 
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■4' 
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6. 

15 
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I.I 
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S- 

1-3 
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•94 
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.73     -66 
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•55 

•50 

47 

•44 

41 

. . .  . 
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4- 
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■71 
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■4S    '55 

■51 
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■A^ 
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Dff, 

'4 

.JO 
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The  figures  f:\ve  the  safe  uniform  load  In  tons,  based  on  extreme  fiber  stress  of  16.000  lb.,  or 

the  end  reactions  from  safe  uniform  load  in  thousands  of  pounds. 

For  lijad  concentrated  at  center,  use  one-half  of  figures  given  for  safe  loads  and  four-fiftha  of 

the  values  given  for 
Figures  for  deflect 

1. 

omi  arc  given  in  inche; 

For  figures  at  right  of  heax^r  zigzag  lines,  deflections  are  conndered  eitceasivc  for  plastered 

ceilihK3. 
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TABLE  18. 

Safe  Loads,  in  Tons,  and  Deflections,  Caitcecie  Channels  Laid  Flat. 
American  Bridge  Coupany  Standabd^^. 


SiK 

Wdght 
Pounds 

Lkncth  op  Span  in  Fbet. 

Sbe. 

Wright 

Foot. 
Pound* 

Length  or  Span  w  Feft. 

3 

4 

S 

6 

7 

S 

9 

a 

4 

s 

6 

7 

8 

9 

IS" 

55- 

50- 

45- 

35- 

33. 

It 

5-4 

11 

4-5 
4-3 
4-2 

4-3 
4> 
3-9 
3-6 
3.4 
3-4 

3-6 
3.4 
3.2 

3-0 

2.8 

2.8 

.7J 

3' 
2.g 
2.8 
25 

2-4 

2.4 

r/i 

11 

2-4 

2.2 
2.1 
3.1 

2-4 

2.3 
3.1 

a.o 
1-9 

1-9 
.^6 

8" 

21.25 

IS.7S 
16.25 

>J75 

11.15 

1.9 
1.8 
1-7 

1.4 

».3 

1.2 
I.I 
1.0 

.0^ 

1.2 
I.I 
1.0 

.92 

M 

1.0 

-93 

-67 

.98 
.91 
.84 
77 
.70 

./,? 

.85 
■77 
.70 

.63 
.56 

.20 

.84 

.78 
-72 

.66 
.60 

.60 

■54 

.4B 

:^ 
.63 
.58 

.58 
.53 

•47 
.42 

■^5 
.61 

-56 

•51 

.47 

,40 

.57 
•52 
-47 
.42 

•37 

Off. 

■OS 

Ufi, 

7" 

>9-7S 
17.25 
14-75 

13.25 
9.75 

1-7 
»S 
1-4 

1.3 
t.i 

1-3 
I.I 

1.0 

-95 

.85 

I  a" 

¥>• 
35- 
30. 

25. 

20.5 

4.4 

4.0 

1± 

3-3 

^■? 
2.8 

»-5 

2-6 

2.4 
2.2 
a.o 
1.9 
.00 

2.2 
2.0 
I.S 

14 

1-9 
<7 
1.6 

<-4 

i.6 
«S 
>4 
1-3 
1.2 

IS 
1-3 
1.2 
M 

1.0 

.?0 

D,f. 

.rt? 

.rt(j      ./^ 

D,f. 

.0?  1 ,06 

6" 

iS-5 
«3 

'I' 

1.3 
i.i 
1.0 

.88 

.98 

.76 

.66 

.69 
.61 
•5? 

.65 

-58 

.44 

.5^ 
-50 
.43 
0« 

-49 
-43 
.38 

.33 
.^8 
.36 
•30 

•43 
■39 
■34 
.29 

^4S 
.32 
.27 
.22 

•54 

lO" 

35- 
30- 
35. 
30. 

3-3 
1-9 
2.7 
1-4 

2.1 

2-5 

2-2 
2.0 
1.8 

1-5 

2.0 

1.4 

1.2 

1.6 

1-4 
1-3 
i.a 

I.O 

>4 

1.2 
l.i 
1.0 

.8g 

1.2 
1.1 

1.0 

-B9 
-7S 

I.I 

1.0 

.89 

-79 
.69 

Drf. 

<^S 

•7i 
.60 

./^    1    .23    \.20 

5" 

"S 
9- 

6-5 

•95 
.81 
.67 

■57 

.43 
,40 

•47 
.40 
.34 

•41 

•35 
.29 

Dif. 

,04 

.0^ 

.// 

•  r.l 

..?/ 

'^7 

•.?^ 

9" 

45- 

20. 

15- 

n.2<f 

2.4 
a.i 

1.8 
>7 

1.8 
1.6 
1.3 
1-1 

1.4 

1-3 
t.t 
1.0 
./J 

1.2 

1.0 

91 

.86 

'7 

1.0 

-90 
.78 

.90 

•79 
.68 

.^9 

.80 
.70 
.61 

'J7 

Dff. 

,06 

.// 

.// 

.^7 

•3^ 

Dif. 

j>4 

^^ 

The  figures  give  the  safe  uniform  load  in  tona,  baaed  on  extreme  fiber  sCresa  of  16,000  lb.,  or 
the  end  reaciioua  from  safe  uniform  load  in  thousandp  of  pounds. 

Kor  loari  conrentrated  at  center,  use  one-half  of  fi^ure^  given  for  lafe  loads  and  four>fiftha  of 
the  values  given  for  deflections.     Figures  for  deflection?  arc  given  in  inches. 

For  figUFes  at  right  of  heavy  zigzag  lines,  deflections  are  excessive  for  plastered  ceilings. 

TABLE  18a. 
CoEFFitrepfTS  OF  Deflection,  Uniformly  Distributed  Loads, 

For  Concentrated  Load  at  center  use  four-fifths  the  tabular  coefficient. 


Fiber  SirpM.  Pouiuis 

Fiber  StrMS,  Pounds 

Fiber  StTMS,  Pounds  per 

span, 

F«t. 

P« 

Squ&ra  loch. 

^: 

per  Square  Inch. 

^' 

Square  Inch. 

16000 

14000 

17500 

t6ooo 

14000 

USOO 

16000 

14000 

19SOO 

1 

0.017 

0.014 

0.013 

16 

4237 

3-708 

3.310 

31 

15.906 

13.918 

13.427 

3 

ao66 

0.058 

0.053 

17 

4.783 

4.186 

3.737 

32 

16.949 

14-830 

13.341 

3 

0.149 

0.365 

0.130 

0.1 16 

18 

5.363 

4.693 

4.190 

33 

18.025 

15.772 

14.081 

4  • 

0.23  a 

0.307 

19 

\z\ 

5.228 

4.668 

34 

I9.<34 

16.742 

14948 

5 

0.414 

0.363 

0.333 

30 

S-793 

5.172 

35 

30.376 

17-74" 

15.841 

6 

0.596 
0.811 

0.531 

0.466 

31 

7.299 

6.387 

5703 

6.259 

36 

21.451 
22.659 

18.770 

16.759 

7 

0.710 

0.634 

32 

8.01 1 

7x110 

37 

19.837 

17-703 

8 

1.059 

0.927 

o.8a8 

13 

8.756 

7.661 

6.841 

38 

23.901 

20.913 

18.672 

9 

i.34« 

1.173 

1.047 

24 

9534 

8-342 

7-448 

39 

25-<7S 

22.038 

19.668 

10 

1.655 

1-448 

1.293 

25 

10.345 

9-052 

8.083 

40 

26.483 

33.172 

30.690 

It 

2.003 

1.752 
2.086 

t.?65 

26 

11.1A9 

9.790 

8.741 

4> 

27.824 

24.346 

21.737 

IS 

2.383 

1.863 

27 

13.066 

10.558 

9.427 

42 

29.197 

25.548 

33.810 

13 

3.797 

2.448 

2.185 

38 

13.977 

n-354 

10.138 

43 

30.603 

26.779 

23.909 

14 

3244 

2.839 

2.534 

29 

13.920 

12.180 

10.875 

44 

31.954 

28.039 

26.185 

«5 

3-724 

3.359 

3.909 

30 

14.897 

13.034 

11,638 

45 

33.517 

39.328 

Tofi 

nd  the 

ieflcctk 

>n  in  in 

:hes  of  a  se 

ctioo  symmetrica!  abo 

ut  the  neut 

ral  axis,  such  as  beams. 

channels. 

zees,  e 

tc.  divi 

de  the 

coefficient 

n  the  tiblc  corrcspon 

ling  to  giv 

en  span  and  fiber  stress 

by  the  At 

■nth  of 
J  i  vide  t 

the  sec 

lion  m 

inches.     F 

or  unsymmetrical  sect 

ions,  such 

ai  angles  and  channels 

Uid  flat. 

hecocfl 

icicnt  b 

>'  twice  the 

distance  from  ncutra 

axis  to  mr 

>st  extreme  fiber. 

^ 
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P 

T.ABLE  19. 

■ 

^^^^^^ 

Moaasrrs  or  Ixeatu.  or  Two  Csa-hxexa,  Both  Axks. 

^^ 

Flashes  Tltlved  Oct.  Distances  fbom  Back  to  Back. 

ProMvilw 

1 

r 

i 

^ 

PerDbMOM 

oTTwoCkuMk. 

« IL 

; 

1 . ^ 

'    t 

*    1 

1 

jr  r"* 

L» 

i 
1 

r 

Depth. 

J" 

V* 

r 

»- 

9" 

WcighU 

6.90    t     9^ 

$MO      1     IO.SO 

9.7s      1     I».15 

(>.>S 

«>.75    j    «6^5 

«J-*5    1     tj-o© 

>0«D 

Atek  sfi 

3^o          V*» 

*-;« 

6. 18 

5.70     '      7JO 

6.;o 

t^ 

9-j6 

7-7«     ,      »-»» 

I.. 76 

!,->[• 

mJ 

17J 

j6a 

y>-* 

«>,>           «S.4 

64^ 

r»-» 

W-« 

94.A      1       fOlJ 

»t^ 

F  -.n^e  jI» 

3l 

3l 

4 

4j 

4i               4l 

4l 

4{ 

5 

5       1         5 

St 

b 

Momenu 

of  iDcniftofzCbuuKbAbost  Asia  y-Y  IbrVariow  DiMuoa  Bkcku  Bu:^     Xb.«. 

_   » 

164        22.1 

10,8 

26.5 

25.8 

32.0 

3'-5 

37-3 

44-0 

38-1 

42-4 

56.0 

184        24.8 

23.2 

29.7 

28.8 

35.8 

3S-" 

41.6 

49.0 

42-3 

47.3 

63.3 

m 

20.5         27.7 

25.9 

Hi 

32.0 

39.7 

38.9 

46.1 

54-4 

46.8 

Sza 

69.0 

1 

22.8        30.7 

18.6 

36.6 

35-4 

44-0 

42.9 

50.9 

60.1 

51-5 

S7-S 

76.1 

1 

35-1       33-9 

31.6 

404 

38-9 

48.4 

47-1 

55.9 

66.0 

564 

63.1 

83.5 

1 

4^ 

27.6       37-3 

34.6 

44-4 

42.6 

53-J 

51.6 

61.3 

72-3 

61.6 

68.9 

91.3 

1 

4$ 

30.2       40.8 

37.8 

48.6 

46.5 

58.0 

56.2 

66.8 

78.9 

67.1 

75-0 

994 

1 

4i 

33-0 

44-5 

41.2 

52.9 

50.6 

63-i 

61.0 

72-6 

85-7 

72.8 

8M 

107.9 

1 

35-8 

48-4 

44.7 

57.5 

54.8 

68.4 

66.1 

78.6 

92.9 

78.7 

88.1 

116.8 

■ 

38.8 

5M 

484 

62.2 

59-2 

74.0 

7»-3 

84.9 

100.3 

84-9 

95. « 

1 26. 1 

w 

41.9 

$6.6 

52.2 

67.2 

63.8 

79.8 

76.8 

91.5 

108.1 

91-3 

103.] 

135.7 

451 

61.0 

56.2 

72-3 

68.6 

85.8 

82.5 

98.2 

1 16. 1 

97-9 

109.8 

145-7 

6 

48«i 

65.5 

60.1 

77.6 

73-6 

92.0 

88-4 

105.3 

J24.5 

104.8 

II7.6 

156.0 

^1 

5<-9 

70.2 

64.6 

83.1 

78-7 

98.5 

94-5 

112.6 

133.2 

112.0 

125.6 

166.S 

5 

55-5 

75-1 

69.0 

88.8 

84.0 

105.2 

100.8 

120.2 

142.1 

119.3 

133.9 

177-8 

61 

59-2 

80.x 

73-5 

94.8 

89-5 

112.1 

107.3 

138.0 

151-4 

127.0 

142.5 

189.3 

7 

63.0 

85.1 

78.2 

100.8 

95-2 

II9>2 

114.0 

136.1 

160.9 

134.8 

;iii 

30l.t 

7 

67^ 

90-5 

83.1 

107. 1 

lOI.O 

126.6 

120.9 

1444 

170.8 

143.0 

213-3 

7 

71.J 

96.0 

88.] 

113.6 

107.1 

134.2 

ij:8.i 

'P-2 

1S0.9 

151.3 

160.0 

170  x> 

225-9 

7 

75-3 

101. 7 

93-3 

120.3 

113.3 

142.0 

1354 

161.8 

191.3 

179.7 

238.6 

8 

79-6 

107.5 

98.6 

127.2 

1196 

150. 1 

143-0 

170.9 

302.0 

168.8 

189-7 

35:1 

Si 

81 

84.0 

113.S 

104.0 

134.3 

I26.i 

158.3 

150.8 

1S0.2 

213.0 

177.8 

200.0 

265.8 

68.6 

119.7 

109.6 

141.5 

132-9 

166.8 

158-7 

189.8 

224-4 

187.2 

310.5 

379-« 

8| 

93-3 

126.1 

115.4 

148.9 

1399 

>75S 

166.9 

200.0 

236.0 

196.7 

221.3 

2942 

9 

98.1 

132.6 

.2r3 

156.6 

146.9 

184.4 
193-6 

175-3 

209.7 

247.9 

306.5 

2334 

309-0 

9 

103.0 

139-3 

127-3 

164.4 

1542 

183.9 

220.1 

260.2 

21^.6 

243-7 

3241 

9 

108.0 

1 46. 1 

133.5 

172.5 

161.7 

203.0 

192.8 

230.7 

272.7 

237.0 

255-3 

339-«» 

9 

113.2 

153.1 

140,0 

180.7 

169.3 

212.6 

301.8 

341.5 

385.6 

235.7 

267.2 

355.5 

lO 

I18.S 

160.3 

146.4 

189.1 

i77-i 

322.4 

III.O 

253.6 

296.7 

248.2 

279-4 

371-7 

10 

123.9 

167.7 

153.0 

197.7 

185.1 

232-5 

220.5 

264.0 

312.1 

259.3 

391.9 

388.3 

_ 

JO 

129-5 

I7S-2 

IS9.8 

206.5 

193-3 

242.8 

230.1 

275-6 

325.8 

270.5 

304.6 

405-5 

1 

lO 

I3S-1 

182.8 

166.7 

215.5 

201.6 

253-3 

240.0 

387.4 

339.9 

282.1 

317.6 

433.6 

1 

11 

140.9 

190.7 

173-8 

224-7 

210.1 

264.1 

250.1 

300.0 

354-2 

193-8 

330-9 

4405 

■ 

Hi 

146.8 

198.7 

tRi.i 

234.1 

218.8 

2750 

260.3 

3 1 1.9 

36S.8 

305.1 

344.S 

4^»^4 

ki  "i 

152.8 

206.8 

188.4 

243-6 

227-7 

286.3 

370.8 

3=4-5 

383.8 

317.9 

358.3 

476.9 

^V  III 

159.0 

215.2 

196.0 

253-4 

236-7 

297.6 

281.5 

337.4 

399-0 

330.3 

3724 

495-7 

^ 

r       12 

165.3 

223.7 

203.7 

263.4 

246.0 

309.3 

292.4 

350.5 

414-5 

343-0 

386.8 

5.4.8 

[ 

B 

^_ 

3S 

^ 

1 

^1 

■ 

B^*            TABLE  19. 

—  Coniintied. 

^^^^H 

MouEinrs  or  Ivertia  of  Two  Channels,  Both  Axes.                             '^^| 

Flanges  TirHNEn  Out,  Distances  from  Back 

ro  Back.                                    " 

Propertlei 

r 

i    It 

3 

For  DiMancc* 

1 

of  Two  Channcli,                                V-- 

„ 

1 . 

—X 

FU«ga  Timed  Out. 

f       II 

■^^ 

BftckioBuzk. 

* — 

c=h 

a 

PcptH. 

lo" 

«" 

IS" 

W«Kht. 

15.00 

n.76 

•5.«. 

ao.50 

14.70 

yxoo 

35.00 

3J.OO 

JSMi 

40.00 

4j.no 

50.00 

55-00 

«.36 

Ar«&a[ft 

8.9. 

M.ro 

ia.06 

17^ 

>D.5l 

19.80 

».58 

n-5* 

.6.48 

■9.4a 

l*-*ti 

■S' 

».S7-4 

■8a  .0 

.56-> 

i8e.Q 

^r 

358.6 

6*5-3 

640-0 

695.0 

75P.S 

803-4 

U0.4, 

Fl«ngej[f 

5i 

5i 

6 

6i 

fi 

61 

7 

7 

7t 

7i 

7i 

b 

Momc 

nis  of  Inenio  of  a  Chaiioeli  About  An*  Y-Y  for  Variow  Distapce*  Back  lo  Bmck.     lo.*.              i 

s" 

92.5  119.4 

149-9 

131,6 

157-5 

188.S 

221.8 

331.3 

239.6 

272.3 

306.9 

3434    381.7 

5 

99.6  128.7 

161.6 

I4I.5 

169.4 

202.8 

238.5 

247-9 

256.8 

292.0 

329.0 

368.2 

409.1 

sk 

107.0  138.4 

173-8 

151.7 

181. 8 

217.6 

255.9 

265.1 

274-7 

312.4 

352.0 

393-8 

437-5 

5l 

IL4,7|U8-S 

186.4 

162.J 

194-6 

233.0 

273.9 

283.0 

293.2 

333.5 

375-9 

420.4 

466.9 

6 

122.7' 158.9 

«99.4 

173-3 

207.9 

248.9 

2926 

3015 

3124 

3554 

400.5 

447.9 

497.3 

6J 

13 1.0  169.7 

213.0 

184.6 

221.7 

2654 

311-9 

320.6 

332.2 

378.0 

426.0 

476.4     528.8 

*1 

139.5:180.9 

227.0 

196.4 

235-9 

283.5 

331-9 

340.3 

352.7 

401.3     452-3 

505.71  561.2 

61 

148.J 

1924 

24J4 

208.5 

250.5 

300.0 

352-5 

360.6 

373-8 

425,0 

479.5 

536.0    594.7 

7 

IS74 

aoi.3 
216.6 

256.3 

221.0 

265.7 

318.2 

373-8 

381.5 

395.5 

450.2 

507.5 

567.2  I  629. 1 

^ 

166.8 

271.7 

233.8 

281.2 

336.9 

395-7 

4031 

417.9 

475-8 

536.2 

599-3  !  664.6 

176.4 

229.2 

287.5 

247-1 
260.7 

297-3 

356.1 

41H.2 

425-3 

440-9 

502.1 

565.9 

632.3 

701. 1 

7i 

186.3 

242.2 

303.8 

3<3-8 

375.9 

4414 

448.1 

464.6 

529.1 

596-3 

6662 

738.6 

g 

196.6 

*55-5 

320,6 

274-7 

330.8 

396.3 

465.3 

471-5 

489.0 

556.9 

627.6 

701.1 

777-1 

»l 

307.0 

269.2 

337.8 

289.1 

348.2 

417.2 

489.7 

495-3 

5139 

585.3 

659.7 

736.9 

8t6.6 

^ 

217.8 

283.3 

355-5 

303.8 

366.1 

438.6 

SU-« 

520.2 

539-5 

614.6 

692.6 

77.6 

857.2 

81 

228.8 

297.8 

3.3.6 

318.9 

3844 

460.6 

540.6 

545.5 

565.8 

644.5 

726.4 

811.3 

898.7 

9 

240.2 

312.7 

392.2 

3344 

403.2 

483.2 

567.0 

5714 

592.7 

675.2 

761.0 

849.8 

941.3 

^i 

251.713*7-9 

411.2 

^5?1 

422.5 

506.3 

S94.0 

597-9 

620.3 

706.7 

796.4 

889.2 

984.9 

263.6 

343-4 

430-7 

j66.6 

442.2 

S30.0 

621.7 

625.0 

648.5 

738.8 

832.7 

929.6 

10294 

9i 

275.8 

359-4 

450-7 

383.2 

462.4 

554-2 

650.0 

652.8 

6773 

771.7 

869.8 

970.9 

1075.0 

10 

288,2 

375-7 

4711 

400.2 

483.0 

578.9 

679.0 

681.2 

76.7 

8054 

907.7 

1013.2 

1121.6 

lO 

300,9 

392-3 

493.0 

417.6 

504.1 

604.2 

708.6 

710.1 

736.9 

839.7 

9464 

1056.4 

1169.2 

lO 

313-9 

4094 

5<3. 

415.' 

5256 

630.1 

738.8 

739-7 

767.6 

874-8 

958,9 

11004 

1217.9 

i 

10 

327.2 

426.8 

535.2 

453-5 

547.7 

656.5 

769.8 

770.0 

799.0 

910.7 

1026.3 

"454 

1267.5 

1 

11 

340.7 

444-6 

557.4 

473.0 

570.1 

683.5 

B01.4 

800.8 

830.9 

947.3 

1067.6 

1191.2 

1318.1 

1 

"t 

354-6 

462.7 

5B0.1 

490.9 

593-1 

711.0 

833.6 

832-3 

863.6 

984-6 

1109.6 

1238.1 

1369.8 

1 

»l 

368.7 

481.2 

603.3 

510.2 

616.5 

739.1 

866.4 

8644 

896.9 

1022.6 

1152.5 

1285.8 

1422.5 

1 

III 

383.1 

500.1 

627.0 

539.9 

640.3 

767.7 

899-9 

897.1 

930.9 

10614 

1196.2 

13344 

1476.2 

1 

12 

397-7  5  >94 

651.0 

549.8 

6646 

796.8 

9340 

930.4 

9655 

1100.9  !i240.7 

1384.0 

1530.9 

11 

412.7539.0 

6755 

570.2 

6894 

S26.6 

968.7 

964.3 

1000.7 

1 141.2  11286.0 

1434.5 

1586.6 

ti 

427.9  558-9 

700,6 

591-0 

714.6 

856.B 

1004.1 

99«.9 

1036.6 

1182.2  !l332.2 

1485.9 

1643.3 

1 

12 

443.4  579-3 

726,0 

6t2.I 

740.3 

887.7 

1040.3 

1034. 1 

1073.1 

1223.9  ji379.2 

1538.2 

1701.0 

u, 

459.2  600.0 

752.0 

633.7 

766.5 

919.0 

1076.9 

1069.9 

1 1 10.4 

1266.3 

I437.I 

1591.5 

1759-7 

iJi 

47va62i.i 

7784 

655.6 

793.1 

951-0 

1 1 14.2 

1 106.3 

1148.2 

1309.5 

1475-7  1645.7 

1819.5 

:il 

491.6,642.5 

805.2 

677.9 

B20.2 

983.4 

ii;i.2 

1*433 

1186.6 

1353.5 

1525.2  1700.8;  1880.2 

508.2,664.4 

833.6 

700.6 

847.7 

1016.5 

1190.8 

1181.0 

1225.7 

1398.1 

1575.5 

1756-8 

1942.0 

14 

525.1686.6 

860.J 

723.6 

875.7 

105a  1 

U30.1 

1219.2 

1265.5 

"4435 

1626.7 

1B13.7 

2004.8 

■^1 

542.3709.1 

888.6 

747-0 

904.1 

1084.2 

1270.0 

1258.1 

1305.9 

1489.7 

1678.6 

1871.6 

2068.6 

'+ 

559-7;733-o 

917.3 

770.8 

933.1 

I118.9 

1310.5 

1297.6 

13470 

1536.5 

17314 

19304 

21334 

>4l 

577-41755-3 

946.4 

795.0 

962.4 

1154.1 

1351-7 

1337-8 

1388.6 

1584.1 

1785.0 

1990.0 

2199.2 

<S 

595.5  789.0 

9760 

819.5 

992.3' "189.9 

1393.6 

1378.5 

143 1.0 

1632.4 

1839.5 

3050.7 

2266.0 

"5 

613.7803.0 

1006. 1 

S44.5 

1022.5  ;>236.2 

1436.0 

1419.9 

1473-9 

1681.5 

1894.8  1111.2I2333.9 

1 

"5 

632.3,827.4 

1036.7 

869.8 

1053.3 

1263.1 

1479.2 

1461.9 

»5>7-5 

1731.3 

1950.9 

2174.6  2402.7 

1 

"5 

651.21852.1 

1067.6 

895.5    1081.5 

1300.5 

1522.9 

1504.5 

1561.8 

1781.9 

3007.8 

3238.0  2472.6 

I 

|6 

670.4'877.1 

lOT'.M 

921. s  1116.1  'ms.? 

is;67.1 

1547.7 

1606.7 

1813-I  !2o6j.6 

2302.1    2U3.5 

L 

30 

J 

^H 

■ 

m^mHp     TABLE  2a      ^^^^^1 

■ 

■ 

^^^^H 

r 

MomcNTs  or  Ixextia  or  Two  Channels.  Botm  Axks. 

^^^^^ 

Fuo<oE5  TrxjiEO  Is,  Distances  f»o»i  Back  to  Back. 

^n 

1 

1 

V^ 

tsTfltMdte.                          _            i         1                                iteckMB 

Mk. 

Area  •r* 

7" 

r' 

^ 

il 

9-n 

1*^ 

il.JS 

»J.TS 

••.*5 

'3.»5 

IVBO 

wtuoo 

ISM 

.PUOO 

JS«» 

S-70 

7.ja 

«.:* 

a«4 

9.56 

7.7* 

M> 

xi.y6 

M> 

IS.7< 

14. 7D 

W.% 

T 

^ 

^ 

T 

^i- 

^ 

A 

i 

r 

T 

w 

tfi«iwi  of  iDcnia  oT  9  Qiaafieb  aboot  Axit  Y-Y  far  VaricNu  EKstuoe*  Bufc  lo  Bv^k.     Im.*.                 |     | 

7" 

5«-7 

66.0 

59-9 

73'> 

86.4 

68.6 

78.6 

104.8 

77.6 

104.0 

1287 

7 

S6'0 

7«-4 

64.9 

79-a 

93-6 

744 

85-t 

113.6 

84-1 

112.7 

»59.S 

7 

60.5 

77.1 

70.2 

85.5 

XOM 

804 

92.0 

I2i.7 

90.9 

1217 

150^ 

7 

65.1 

83.0 

75-6 

92.1 

108.9 

86.6 

99.1 

132.2 

98.0 

131.I 

162.5 

8 

70.0 

89.2 

81.2 

98.9 

117.0 

93-1 

106.5 

142.1 

1054 

140.9 

J  747 

8 

75-0 

95-5 

87.0 

I06U3 

125.3 

99.8 

I14.I 

152.3 

113.0 

15I-I 

1874 

8 

80.2 

102.1 

93-1 

II3.3 

134.0 

106.8 

122.0 

162.9 

120.9 

161.6 

200.5 

8 

85.5 

108.9 

994 

120.9 

<43  0 

114,0 

130.3 

173.8 

129. 1 

172.S 

2I4-I 

9 

91.1 

116.0 

105.8 

1287 

152.3 

1214 

1387 

185.2 

137.6 

183.7 

228.1 

9 

96.8 

133.3 

112.5 

136.8 

161 .8 

139.1 

147.5 

196.8 

146.3 

1954 

242.6 

9 

102.7 

130.7 

1 19.4 

145.2 

1717 

137.1 

156.5 

208.9 

"55-3 

2074 

357.5 

9 

108.8 

138.4 

126.5 

153.8 

181.9 

»453 

165^ 

221.3 

164.7 

2197 

272.9 

10 

1 15.0 

146.4 

1338 

162.6 

192-4 

1537 

1754 

234.1 

174-2 

2324 

388.8 

10} 

I3I.S 

154-5 

I4«3 

1717 

203.1 

162.3 

185.3 

247-3 

1 84. 1 

345.5 

305.1 

lO 

128. 1 

162.9 

149.0 

181. 1 

214.2 

171.3 

"954 

260.8 

194-2 

259.0 

3219 

loi 

'34-9 

171.5 

157.0 

190.7 

335.6 

1804 

205.8 

374-7 

204.7 

273.8 

339-2 

141. 9 

180.4 

165. 1 

200.5 

237-2 

189.8 

216.5 

289.0 

3154 

287.0 

356.9 

\u 

149.0 

189.4 

173-5 

2ia6 

149-2 
261.5 

>994 

327.5 

303.6 

226.3 

301.6 

3750 

III 

156.3 

1987 

182.0 

321. 0 

309.3 

238.7 

318.6 

237.6 

316.5 

3937 

163.8 

208.2 

190.8 

231.6 

274.1 

2194 

25a3 

3340 

249-1 

331.8 

412-7 

IZ 

171.5 

216.0 

199.8 

242.5 

286.9 

229.8 

262.0 

365.8 

261.0 

347-5 

432.3 

12^ 

179.4 

227.9 

209.0 

353.6 

300.1 

240.4 

274.1 

273.1 

363.5 

452.3 

13J 

187... 
195.6 

23R.1 

2184 

265.0 

313.6 

251.3 

286.4 

382-3 

2854 

379.9 

472.8 

248.5 

228.0 

276.6 

327.3 

2624 

299.1 

3992 

298.1 

396.7 

493-7 

U 

304.0 

250-2 

237.8 

388.5 

3413 

2737 

313.0 

4164 

311.0 

413.8 

515.1 

'^^ 

212.6 

270.0 

247.8 

300.6 

3557 

2B5.3 

3251 

433-9 

324.3 

431.3 

536.9 

n 

2314 

281. 1 

358.1 

313.0 

370.3 

297.1 

338.6 

45 « -9 

337-7 

449a 
4674 

559-1 

O 

430.3 

392.4 

368.5 

3256 

385-3 

309.2 

352.3 

470.2 

3515 

582.0 

u 

«394 

304.0 

279.1 

338.5 

400.5 

321.5 

366.3 

488.9 

365.5 

486.0 

605.2 

'4 

2487 

315-7 

289.9 

3517 

416.1 

334-0 

380.6 

507.9 

379.8 

505.0 

628.9 

14 

258.1 

3277 

301.0 

365-X 

432.0 

346.8 

395-1 

527-3 

390.5 

5244 

653.0 

■4 

267.8 

339-9 

312.3 

378.7 

448.1 

359-9      4099 

547-0 

409.3 

544-1 

677-6 

15 

377.6 

3524 

323.8 

39J.6 

4645 

373.2 

435.0 

567.2 

424-5 

564.1 

702.6 

15 

287.6 

365.0 

3355 

406.8 

481.3 

386.7 

4404 

587-7 

439-9 

584.6 

728.1 

«5 

297-8 

377-9 

347-4 

421.2 

498.3 

400.5 

456.0 

608.6 

45S-7 

6054 

754-1 

15 

308.1 

391.0 

359.5 

435.8 

5157 

414.5 

473.0 

639.9 

4717 

626.6 

780.5 

i6 

318-7 

404-4 

371-9 

4507 

533.3 

428.8 

488.2 

651.5 

487-9 

648.1 

8074 

'^A 

3294 

417'9 

384.4 

465.9 

551-3 

4433 

5047 

6735 

5045 

670.0 

834.8 

'?} 

340-3 

43  »7 

397.1 

481.3 

569-5 

458.0 

5214 

695-8 

S2t.3 

692.3 

862.6 

i6l 

35<3 

44 '7 

410.1 

497.0 

588.1 

473-0 

5384 

718.6 

5384 

715.0 

890.9 

17 

362.6 

460.0 

433-3 

5"'9 

606.9 

488.2 

555-8 

741.6 

555-8 

738.0 

9196 

17\ 

'^■2 

474-4 

436.6 

529.1 

636.0 

503.7 

573.3 

765.1 

573-5 

761.3 

948.8 

17 

385.6 

489.1 

450.a 

5455 
562.2 

^li 

5194 

591-2 

788.9 

5914 

785.1 

97S4 

17 

397.4 

504.0 

464.0 

535-3 

609.3 

813  I 

609.7 

809.2 

1008.5 

K 

i8 

4093 

St9.2 

478.0 

W.I 

68i;.3 

551.6 

6277.     837.6  1 

628.2 

8337 

xo^9•\ 

L 

40 

^ 

^^^B^^Rd 

TABLE  20.— Continued,               ^ 

I^^^H 

Moments  oi 

f  Inertia  of  Two  Channels,  Botb  Axes.                              ^^| 

Flanges  Tu 

RNED  I.v.  Distances 

FROM  Back  to  Back. 

■ 

Y 

[T  i  ^ 

properties 

Jt 

1 

-^ 

For  Distance* 

of  T«o  ChanDdft, 

1 

Pleasured  frDtn 

PUdccs  Turned  In. 

. 

*• 

•— . 

Baclt  to  B«ck. 

Ucpth. 

• 

»y 

.5" 

Weigh  1. 

•n.s 

»5 

3P 

35 

4a 

33 

35 

40 

45 

*3 

55 

\nA  3  [i 

IJ.06 

14.70 

ij.f-4 

»58 

13.*  3 

.^.fc 

30.58 

n-5« 

><i.48 

•9.4a 

£.1 

^56.3 

a6'6.o 

3»3-4 

358.6 

Ji4'^ 

615.3 

640.0 

695 -« 

750-a 

^:,A 

A 

i 

« 

a 

'A 

11 

I 

'A 

>i 

ll\ 

i| 

b 

Moments  of  laertk  of 

a  Chsnnelt  Aboat  Axn  Y-V  for  VarioM  DiMftnce*  Back  10  B«ck.     In.*. 

9" 

18 1. 6 

223.8 

268.2 

309.9 

349.0 

288 

-r        300.4 

l^l 

3«5-5 

424.6 

461.9 

9t 
9* 

193* 

238.1 

285.4 

329.8 

371-6 

307 

1         319.8 

410.4 

452.2 

492-1 

205.2 

252.8 

303.0 

350.4 
37to 

394.9 

326 

5       359  9 

388.9 

436.3 

480.8 

5234 

9l 

217.6 

268.0 

321.3 

418.9 

346 

2       360.6 

412.6 

462.9 

5 10.3 

555-7 

to 

130.4 

283.7 

340.1 

393-4 

443.7 

366 

7      381-9 

437-0 

4904 

540.7 

589.0 

lOj 

243 -S 

299.8 

3594 

415-9 

469.2 

387 

9       4039 

462.2 

S18-7 

572.0 

623-3 

104 

loi 

257.1 

316.3 

379-3 

439.0 

495.5 

409 

6      426.5 

4S8.1 

547.8 

604  2 

658.6 

270.9 

333-3  1    399.7 

462.7 

522.5 

432 

■0      449-8 

514.7 

577.8 

6374 

694.9 

II 

285.2 

350.9 

420.7 

487.2 

550.2 

455 

-0      473-7 

542.1 

60R.5 

671.5 

732.2 

iij 

299.9 

368.8 

443.3 

512.2 

578.7 

478 

.6      498.3 

570.2 

640.2 

706.5 

770.6 

ul 

314-9 

387.1 

4644 

537.9 

607.9 

502 

.8      523-S 

599-0 

672.6 

7424 

809.9 

330.3 

406.0 

487.0 

564.2 

657.9 

5*7 

-7      549-3 

628.6 

705.9 

779  3 

850.3 

12 

346< 

435-4 

510.2 

591.2 

668.5 

553 

.1       575-8 

658.9 

739-9 

817.0 

891.7 

12 

362.2 

44SI 

S34-0 

618.8 

699.9 

579 

.2      602.9 

690.0 

774.9 

8557 

9341 

12 

378.8 

465-4 

558.3 

647.1 

732.0 

605 

9      630.7 

721.7 

810.6 

»95.3 

977-5 

12 

395-7 

486.1 

583.1 

676.0 

764.9 

633 

.2      659.1 

754-3 

847.2 

935.8 

1 02 1. 9 

<3 

413.0 

507.3 

608.5 

705.6 

798.5 

661 

.1      688.2 

787-5 

884.6 

977.3 

10  7-3 

i3i 

430.6 

528.9 

634-5 

735-8 

832.8 

689 

7      717-9 

S21.5 

922.8 

1019.6 

II  13.8 

tyh 

448.7 

5SI0 

661.0 

766.6 

867.9 

718 

-9      748.a 

856.2 

961.9 

1062.9 

1161.3 

Hi 

467.1 

573-6 

688.0 

798-1 

903-7 

748 

•7      779-2 

891.7 

1001.8 

1107.1 

1209.7 

u 

485.9 

596.6 

715.7 

830.2 

940-3 

779 

1       810.8 

927-9 

1042.5 

1152.3 

1259.1 

::l 

505.0 

6io.i 

743.8 

863.0 

977.6 

810 

.1      843.1 

964.8 

1084.0 

1198.3 

1309.6 

524.6 

644-0 

772-S 

896.4 

1015.6 

841 

7      876.0 

10024 

1126.4 
1169.6 

1245.2 

1361.1 

ui 

S44-S 

666.4 

801.8 

930.4 

1054-3 

874 

.0      909.6 

1040.8 

1293.1 

1413.6 

15 

564.8 

6932 

831.6 

965.1 

1093.8 

906 

-9      945-8 

1080.0 

1213.6 

1341.9 

1467.1 

IS 

m 

718.5 

862.0 

1000.5 

1134.0 

940 

.4       9787 

1 1 19.8 

12584 

1391.7 

1 52 1-7 

IS 

74f3 

892.9 

1036.5 

1 175-0 

974 

.5     1014.2 

11604 

1304.1 

14413 

1577.2 

IS 

628.0 

770.5 

9244 

1073.1 

1216.7 

1009 

3     1050.5 

1201.7 

1350.6 

14939 

1633.7 

16 

6498 

797-J 

9564 

1 1 10.3 

1259.1 

1044 

.6     1087. 1 

1243.8 

1397.9 

1546.3 

1691.3 

16 

672.0 

824-3 

989.0 

1148.2 

1302.3 

1080 

.6     1124.5 

12S6.6 

1446. 1 

1599.7 

1749-9 

16 

694-s 

851.9 

1022. 1 

1186.8 

1346.2 

1117 

.2     1 162.6 

1330.2 

1495.1 

1654.0 

18094 

» 

t6 

717-5 

879-9 

1055.8 

1226,0 

1390.8 

Ii54 

.4      1301.3 

»374-4 

1544.9 

1709.3 

1870.0 

17 

740.8 

908.5    logo.o 

1265.8 

1436.2 

1192 

.2      1240.6 

14194 

1595-5 

17654 

193 1.7 

17J 

764.5 

937-4 

1 124.8 

1306.3 

1482.3 

1230 

7     1280.6 

1465.2 

1647.0 

1822.5 

1994.3 

m 

788.6 

966.9 

1 160.1 

>347-4 

1529.1 

1269 

.8     1321.3 

1511.7 

1699.3 

1860.5 

2057.9 

\ 

'7* 

813^ 

996.8 

1196.0 

1389.2 

1576.7 

1509 

5     1362.5 

1558.9 

1752.5 

19394 

2123.5 

18 

837-8 

1027.1 

1232.4 

1431.6 

l625J3 

1549 

8     1404.5 

1606.8 

18064 

19992 

2188.2 

iS} 

863.0 

1057.9 

1269.4 

1474.7 

1674.0 

1390 

7     1447.0 

1655.5 

1861.2 

2060.0 

2254.8 

|8| 

888.6 

1089.2 

1306.9 

1518.4 

1723.8 

1432 

.3     1490.* 

1704.9 

1916.8 

2121.6 

2322.5 

i8| 

914.6 

1 1 20.9 

U4S-0 

1562.8 

1774-3 

«47+ 

■4     15341 

I75S-I 

1973.3 

2164.2 

239'.2 

1 

19 

940.9 

1153.1 

1383.6 

l6y/.7 

1825.6 

1517 

.2     1578.6 

1806.0 

2030.5 

2247.7 

2460.8 

I 

.    I9i 

967.6 

1185.8 

1422.8 

1653-3 

1877-5 

1560 

.6     1623.7 

1857.6 

2088.6 

1312.2 

2531.6 

■^;^i 

994-7 

1218.9 

1462.5 

1699.6 

19503 

1(04 

.6    1669.5 

1910.0 

21475 

23775 

2603.3 

1022.2 

1252.4 

1502.8 

1746.5 

1983.7 

1649 

.3    1715-9 

1963.1 

2207.3 

2443.8 

2676.0 

[    '^ 

lOjIOO 

1286.5 

15436 

1794.1 

2037-9 

|6«M 

.5     1763-0 

2016.9 

2267.8 

2510.9 

2749.8 

tt 

; 

A 

I 

- 

^ 

1 

L 

^^^ 

r 

TABLE  21.          ^ 

^M 

MOMEMTS  OF  IVEariA  OF  Two  Cbaxtczls. 

Both  Axes. 

^H 

FlANCES   TtTB.VED    Is, 

DlSTAXCES   IS-SXDE   TO    I 

N-siDE  OF  Web. 

^1 

■ 

rTopancs 

p 

T 
'   1 

FflrDiMucc* 

■ 

of  Two  Ctamcfa. 

z 

— 



F-i 

-X 

MMMTTd 

boa 

1 

1 

FlMWM  Taraed  In. 

1— — 

■ 

iMidc  to  iMlde  cT  Wcfa. 

DrgMk. 

y 

a 

9 

JO 

Wdifo. 

9-7S 

i>^ 

II  .»5 

'3-75 

.6.,5 

«3-»5 

15-00 

tiM 

30.00 

•VOD 

Arcaxft 

5-7- 

7Jt> 

6.7« 

B.oS 

9.56 

7.7« 

&M 

,1-76 

l^ 

II.J6 

M-70 

4*-t 

1 

r 

T 

'?.■• 

t 

101 J 
ft 

r 

T 

m9m 

b 

MocDcnu  of  iDcrtia  of  >  Chunds  Ab<mt  Axi»  Y-V  for  Vuiou  Dbtaaca  Imidc  Id  Uiide  oT  Wcfa. 

!».«. 

7/' 

80.4 

68.9 

88.6 

110.5 

9s2 

94.2 

138.1 

904 

131.5 

177.7 

1 

7j 

63.7 

86-4 

74-3 

95.3 

1 18.6 

1014 

148. 1 

974 

141.3 

190.5 

I 

7J 

68«f 

92-7 

79.8 

102.2 

127.0 

92.1 

108.9 

158.6 

104.8 

151.5 

303.7 

■ 

7l 

734 

99.2 

85.7 

109.5 

135.8 

98.7 

116.6 

169.4 

1124 

162.0 

2»74 

8 

78.5 

105.9 

91.6 

116.9 

144.8 

105.7 

124.6 

180.6 

120.3 

173.9 

13!  5 

8 

83.8 

112.8 

97.8 

124.6 

154.2 

112.8 

132.9 

192.1 

128.4 

X84.2 

3.6., 
361.3 

8 

89.3 

120.0 

104.3 

132.6 

163.8 

120.2 

141.5 

201.0 

136.9 

1958 

8 

9S-0 

1274 

110.9 

140.8 

173.7 

127.9 

150.3 

216.3 

145.6 

307.8 

276.7 

9 

100.8 

135.0 

1 17.7 

149-3 

184.0 

1358 

'M.I 

219.0 

154.6 

220.3 

292-7 

9 

106.9 

142.8 

124.8 

158.0 

»94.5 

143.9 

242.0 

163.9 

133.0 

309.1 

9 

113.1 

150.9 

132.0 

166.9 

205.3 

152.3 

178.5 

2554 

173.5 

146-1 

326.0 

9 

1194 

i59-2 

"39-5 

176.3 

216.5 

160.9 

188.5 

269.1 

183-3 

2595 

5434 

10 

126^ 

167.7 

1472 

185.6 

327.9 

169.8 

198.7 

383.3 

"934 

287.6 

361.2 

10 

132.7 

176.4 

1551 

1954 

239.6 

178.9 

209.2 

297-7 

303.8 

379.5 

lO 

139.6 

185.4 

163.1 

205.3 

251.6 

188.3 

22O.0 

312.6 

214.5 

302.3 

398-1 

10 

146.7 

194.6 

171.5 

215.8 

264.0 

197-9 

331.1 

327.8 

225.5 

317.1 

4174 

11 

154.0 

204.0 

l8ox> 

226.1 

276.6 

207.7 

242.4 

3434 

236.7 

3324 

4370 

11^ 

161.5 

113.6 

188.7 

236.8 

289.5 

217.8 

254-0 

3594 

248.2 

348.1 

457-^ 

llj 

169.1 

223.5 

197-6 

347.8 

302.7 

32$.I 

265.9 

375.7 

260.0 

364.3 

477.7 

l>i 

176.9 

233-6 

206.8 

359.0 

316.3 

338.7 

278.0 

3924 

273.1 

380.6 

498.7 

12 

184.9 

243-9 

3 16. 1 

270.5 

330.1 

249.5 

2904 

4094 

2844 

3974 

520.2 

*•! 

193.0 

2545 

225.7 

282.3 

344-2 

360.6 

303.2 

426.9 

397-1 

414.5 

542.2 
564-6 

la 

201.4 

265.2 

235-4 

294.3 

358.6 

371.9 

316.2 

4447 

310.0 

432.0 

209.9 

276.2 

2454 

306.5 

373.3 

2834 

329.4 

462.8 

333.3 

449-9 

5875 

13 

218.6 

287.4 

355-6 

319.0 

388.3 

295-2 

343.9 

481.3 

336.6 

468.3 

610.8 

13 

217.4 

298.9 

266.0 

331.8 

403.6 

307-3 

356-7 

500.2 

3504 
3644 

486.8 

634-6 

13 

236.5 

310.5 

276.6 

344.8 

419.2 

319.5 

370.8 

519.5 

505.8 

658.8 

13 

245.7 

322.4 

2874 

358.1 

435-1 

332-0 

385-2 

539-1 

378.7 

525.1 

683.5 

M 

2^4.7 

3345 

2984 

371.6 

45 » 4 

344-8 

399.8 

559.1 

393.3 

544.8 
564.9 

708.7 

14 

346.9 

309.7 

385.3 

467.9 

357.8 

414-7 

579-5 

408.1 

734.3 

U 

274-5 

359-4 

321.1 

399.4 
413.6 

4847 

371.1 

429.9 

600.2 

423.3 

5854 

7604 

M 

2844 

372.2 

332.8 

501.8 

384-5 

4454 

621.3 

438.7 

60&.3 

786.9 

«S 

294-5 

385-2 

344.6 

356.7 

428.3 

519.3 

398.3 

461.1 

642.8 

4544 

6274 

813.9 

15 

304.8 

39«-5 

442-9 

536.9 

412.3 

477-1 

664.6 

4704 

649U5 

XI 

<S 

315.3 

41 1.9 

369.0 

458.0 

554.9 

426.5 

4934 

686.9 

486.6 

670.9 

15 

326.0 

425.6 

381.5 

473.2 

573-2 

440.9 

510.0 

7094 

503-1 

693-2 

897.7 

16 

336.8 

439-5 

394-2 

488.8 

591.8 

455-6 

526.8 

7324 

5199 

7>5-9 

926.5 

l6 

347.8 

45V7 

407.1 

S04.6 

610.7 

470.6 

543.9 

755-7 

537-0 

738.9 

'^n 

|6 

359-0 

468.0 

420.2 

520.6 

629.9 

485.8 

561.3 

779.3 

5S44 

763.3 

16 

3704 

482.6 

433-5 

536.9 

6494 

501.2 

579-0 

803.4 

573.0 

786.1 

1015.8 

17 

381.9 

497-4 

447-1 

5534 

669.1 

516.9 

596.9 

827.8 

590.0 

810.3 

1046.5 

<7 

393-6 

512.5 

4^*0.8 

S70.2 

689.3 

532.8 

615.3 

852.6 

608.3 

834.7 

1077.6 

>7 

405-5 

527.7 

474-8 

587.3 

709.6 

549-0 

633-6 

8777 

636.7 

Uli 

1109.3 

17 

417.6 

543-2 

488.9 

604.6 

730.3 

5654 

652.4 

903.2 

6454 

1141,3 

18 

4*9-9 

558.9 

503.3 

632.1 

751-3 

582.0 

671.5 

929.1 

664-5 

9104 

1173-8 

i 

\2 

> 

■ 

■1 

r 

TABLE  21. 

—                        ^I^^^^^^^^^^^^^^^H 

MouENTs  OP  Inertia  of  Two  Ch.wncls,  Bom  Axes.                       ^^^^^| 

Flanges  Tlrxeu  In,  Distances  Inside  to  Inside  of  Web. 

^ 

• 

p» 

r 

Propcnlva 

1 

For  DisiancM 

of  Two  Channcli, 

X- 



r  " 

"A                                MeaMirecl  from 

FUarea  Tanud  in. 

■ 

iMido  to  Ia«idc  of  Web. 

I 

;----»j 

f' 

D-Pib. 

i«" 

15" 

Wcisbl. 

«».5 

•5 

3« 

35 

40 

33 

35 

40 

45 

50 

ss 

Arcfts[» 

tJ.o6 

14-70 

17-64 

10,58 

33-5' 

14.80 

.0.58 

33'5» 

i6.48 

*0'4» 

33. jb 

»st.> 

»tto 

3»S-4 

358-6 

394 -o 

6>s.a 

640.0 

695.0 

750.3 

805.4 

860,4 

A 

1 

1 

*i 

«A 

II 

J 

lA 

'k 

>l'i 

i| 

b 

Moocnu  dT  locftU  of  *  Ounaelt  about  A«ls  Y 

-V  for  Variod.  Dlslances  In«id«  td  latide  of  Web..     In.*. 

\" 

J08.1 

269.9 

342.1 

361.S 

4'7.9 

497.2 

3SO-3 

369.2 

441.8 

518.0 

596.4 

678.2 

9\ 

2Z0.7 

285.6 

441. 1 

524.2 

370.9 

390-8 

467.1 

547.1 

629,4 

715.1 

^i 

333-5 

301.7 

3814 

464.9 

552.0 

392-2 

413.0 

493-2 

5770 

663.2 

753-0 

92 

146.7 

318.4 

401.9 

4893 

580.5 

414.0 

4359 

519.9 

607.8 

698.0 

791.9 

10 

2604 

3354 

423.0 

5144 

609.7 

436.5 

459-5 

5474 

639-4 

733-7 

831.8 

274-3 

353.0 

X 

540.2 

639-7 

459.6 

4837 

575.7 

671.8 

770-3 

872.7 

288,7 

37<o 

566.6 

6704 

4834 

508.5 

604.7 

705.0 

807.9 

914.6 

3034 

389.5 

4984 

593.6 

701.9 

507-7 

533-9 

634-4 

739.1 

8464 

957-6 

■  I 

318.6 

408.4 

5'2.7 

621.3 

734- < 

5327 

560.0 

664.8 

7740 

885.7 

1001.5 

Ml 

3340 

417.8 

536.5 

649.6 

767.0 

558.3 

586.8 

696.0 

809.7 

926.0 

1046.5 

Hi 

350.0 

447.6 

560.9 

678.6 

800.6 

584-5 

6.4.2 

727-9 

846.3 

967.3 

1092.4 

n! 

366.1 

467-9 

585.8 

708.2 

835.0 

611.3 

642.2 

760.6 

883.6 

10094 

11394 

12 

382.8 

488.7 

611.2 

7384 

870.2 

638.7 

670.9 

794-0 

931.8 

1052.5 

11874 

>*i 

399.8 

510.0 

637.2 

769.3 

906.0 

666.8 

700.2 

818.1 

960.9 

10964 

12364 

ii\ 

417-2 

531-6 

663.8 

800.9 

942.6 

695-5 

730.2 

862.9 

1000.7 

11413 

12864 

I2t 

434-9 

5537 

690.9 

833.0 

979-9 

724.8 

760.8 

898.5 

10414 

1187.2 

1337-5 

13 

453-0 

576.3 

718.6 

865.9 

1018.0 

754-7 

792-0 

934.9 

1082.9 

1233-9 

1389.5 

ni 

471-6 

5994 

746.8 

899-3 

1056.8 

785.2 

824.0 

971.9 

1125.3 

1281.5 

1442-5 

«>i 

490.4 

622.9 

775-6 

9334 

1096.3 

8164 

856.5 

1009.7 

1168.5 

1330.1 

1496.6 

I3t 

509-7 

646.9 

804.9 

968.1 

1136.6 

848.2 

889.7 

1048.1 

1212.S 

1379-6 

1551.7 

'4, 

529-3 

671.3 

834.8 

1003.6 

1 177-6 

880.5 

923.S 

1087.6 

1257.3 

1430X) 
14814 
15336 

1607.8 

Ml 

549.4 

696.2 

865.2 

1039.6 

12194 

913.5 

958.0 

II  27.6 

1302.9 

1664.9 

::l 

569.7 

721.6 

896.1 

1076.3 

1261.8 

947.2 

993.1 

1168.3 

13494 

17230 

590.5 

7474 

927.6 

1 1 13.6 

1305.0 

9814 

1028.9 

1109.8 

1396.7 

1586.8 

1782.1 

>s 

6„.7 

773.6 

959.8 

1151.6 

1349.0 

10 16. 3 

1065.3 

1252.0 

1444.9 

1640.9 

1842.2 

IS 

633.2 

8004 

9924 

1025.6 

1190.2 

1393-7 

105 1. 8 

1102.3 

1294.9 

1493.8 

1695-9 

19034 

"5 

655.1 

817.6 

1229.5 

1439.1 

1087.9 

1 140.0 

1338.6 

1543-6 

1751-9 

1965.5 

>S 

6774 

855.2 

1059.3 

1169.3 

1485.1 

1114.6 

1178.3 

1383.0 

1594-3 

1808,7 

2028.7 

i6 

700.0 

883.3 

1093.6 

1309.9 

1532.1 

1161.9 

1217.3 

1428.2 

^^F 

1866.5 

2092.8 

i6l 

713.0 

911.9 

11284 

i35'< 

1579-7 

1 199-9 

1256.9 

1474. 1 

1698.0 

1925.1 

2158.0 

|6 
It} 

746.5 

940.9 

1163.8 

1392.9 

1628.0 

1138.5 

1297.1 

'^'2'7 

1751-1 

1984.8 

2224.2 

770.2 

970.4 

1199.7 

M354 

1677. 1 

1277-7 

1338.0 

1568.0 

1805.0 

2045.3 

12914 

17 

7944 

10004 

1136.1 

1478.5 

1727-0 

1317-5 

1379.6 

1616.1 

1859.8 

2106.7 

2359-6 

I7l 

Si  8.9 

1030.8 

1273-2 

1522.2 

1777-6 

n57-9 

1421.8 

1664.9 

19153 

2169.1 

2428.9 

:;i 

?^:? 

1061.7 

13 10.8 

1566.6 
1611 .7 

1828.9 

1399.0 

1464.6 

1714-5 

1971-8 

22324 

24991 

1093.0 

1349-0 

1880.9 

1440.6 

1508.1 

1764.8 

2029.0 

1196,6 

25704 

i8 

894-8 

1124,8 

1387.7 

16574 

1933.6 

1482.9 

1552.1 

1815.8 

2087.1 

1361.7 

2641.6 

I8 

920.9 

1157.0 
1 189.7 

1426.9 

1703.7 

1987.1 

1525.8 

1596.9 

1867.6 

2146.0 

2427.8 

2715.9 

|8 

947-3 

1466.7 

1750.7 

10414 

15694 

1642.3 

1920.1 

2205.7 

2494-7 

2790.3 

|8 

974-1 

1222.9 

1507.0 

1798.3 

2096.3 

1613-5 

16884 

1973-3 

2166.2 

1562.6 

2865.5 

19 

1001.3 

1256.5 
J  190.6 

«547.9 

1846.S 

2152.1 

1658.3 

1735.1 

2027.3 

1327.6 

26314 

2941.8 

i9i 

1028.8 

15894 
163 1 4 

18954 

2108.5 

1703.7 

17824 

2083.0 

2389.8 

1701. 1 

.30191 

1056.8 

i3iS-( 

1945.0 

2265.7 

1749.7 

18304 

2137-4 
2193.6 

2452.8 

2771.8 

30975 

■  92 

1085. 1 

1360. 1 

1673.9 

1995-2 

2040.0 

2323.6 

1796.3 

1880.0 

2516.7 

2843-3 

3176.8 

30 

III3  7 

13956 

1717.0 

2382.2 

1843.5 

T928.3 

2250.5 

25R14 

2915-8 

32571 

i 

13 

^ 

TABLE  22. 
Properties  of  Two  Channels,  Spaced  Small  Distances. 


T 

" 

p=» 

Prwpertlrt 

For  LHitKDcei 

of  Two  CbanneU, 

^... 

1 

.—X 

Meaiuwd  from 

Flonsea  Tiirocd  Oul. 

1       1 

Back  to  DKfc. 

E= 

«   " 

ir 

13 

wit. 

Axb  y-Y. 

Total 
Area. 

AiiH  X-X, 

II 

b- 

'0. 

b- 

1". 

b^ 

r. 

b-f". 

b. 

J*. 

I. 

Ti 

h 

V 

^T 

^r 

I, 

'T 

h 

rj 

It 

'r 

In, 

Lh, 

In.* 

In.* 

Id. 

In.* 

Id, 

In.* 

la. 

]a,« 

In. 

la,' 

tn. 

In.* 

In. 

4 

2.38 

3-1 

1. 17 

n 

1.50 

3 

5 

3-94 

3.6 

1.12 

l-I 

0,60 

14 

0.70 

l,SO 

6 

3-5^ 

4-3 

1.08 

(.4 

0,63 

1.8 

0.71 

14 

0.81 

yi 

^m 

8.1 

1.51 

Si 

3,10 

7-fi 

1.56 

1-3 

0,65 

1-7 

0.74 

3.2 

0,84 

3.8 

0-95 

7-3 

1^53 

4 

^1 

3.78 

84 

I.5I 

1-6 

0.64 

3.0 

0-73 

2.6 

0J4 

34 

0.9s 

8^5 

1.52 

7* 

+.25 

93 

1.46 

I.S 

0.65 

2.4 

0.74 

JO 

0,84 

3-9 

0.95 

10.0 

1.53 

5 

6J 

3,90 

14.8 

I -95 

1-9 

0.69 

2.4 

0.78 

3t 

0.89 

39 

0.99 

9.6 

1.57 

9 

S-30 

17.8 

1.83 

2.5 

0.68 

3*1 

0.78 

41 

0.88 

5'i 

0.9B 

12.9 

1-56 

B 

476 

16.0 

a.34 

3.7 

0-7+ 

34 

0.S4 

4.2 

0,93 

5*1 

1.03 

i»4 

t.6i 

6 

lOl 

6.18 

30.2 

2.21 

3-3 

0.73 

4.3 

0.S2 

1:1 

0.92 

6.5 

I.03 

"5-7 

t.6o 

13 

7.6+ 

34-6 

2.13 

4.2 

0.74 

£-3 

o.dj 

0.93 

Sa 

I^ 

19,7 

I.61 

'! 

S.70 

42.2 

1,71 

3-7 

0.80 

+.5 

0.S9 

1:^ 

0.99 

6.8 

109 

15,6 

1,65 

7 

I3| 

7.10 

4S4 

3-59 

44 

0.78 

55 

D.87 

0.97 

8-3 

1-07 

19.1 

1.63 

Hi 

8.6S 

544 

3.50 

5-3 

0.78 

6.6 

0.87 

S.t 

0,97 

10  JO 

i-°7 

»3'1 

>-«4 

iii 

6,70 

64.6 

3.11 

4-9 

0.85 

6.0 

0.94 

7.2 

ro3 

8.7 

1.14 

I9J 

1.70 

S 

131 

8.0a 

72^0 

2.98 

5.6 

0.83 

6.8 

0.92 

8J 

I.OI 

10.1 

I.I2 

22,7 

t,68 

i6| 

9-S^ 

79.8 

2.89 

6.S 

0.83 

8.0 

0-9 1 

9.8 

l.ol 

11.8 

I.II 

26.7 

1.67 

I3l 

7-78 

94-6 

349 

64 

0.90 

7-7 

□.99 

9,3 

1-09 

11.0 

I.I9 

236 

174 

9 

is 

8.S2 

lOt.B  1  3.4a 

7-D 

0.&9 

8.4 

0.97 

10. 1 

1.07 

12.1 

I.I3 

36.2 

1,72 

20 

11,76 

121.6     3-21 

8.9 

0.87 

1 0.0 

0.96 

13.1 

1.05 

15-7 

1,15 

345 

1.71 

15 

8.92 

133.8  3-S7 

8.i 

0.96 

9-8 

.OS 

11.6 

1.14 

13*7 

1-24 

38.6 

1-79 

10 

11.76 

1574!  3  66 

10.0 

0.92 

12.0 

I.Ot 

14.3 

1.10 

17,0 

t.20 

36.2 

*75 

to 

35 

H.70 

iSz.o 

3-Si 

13.4 

0.93 

14.9 

1. 00 

179 

1.10 

21.J 

1.20 

454 

t.76 

30 

17-6+ 

206.4 

3.42 

iS-i 

0-93 

18.4 

1.02 

32.1 

1. 12 

26,3 

1-22 

55^9 

1.78 

3S 

30.58 

IJI.O 

3'3S 

19.2 

0,96 

23.1 

1.06 

37.6 

1.16 

32.8 

1.26 

66.5 

1.S2 

20i 

13.06 

156.2 

4.61 

^34 

1.05 

16. 1 

1. 15 

18.8 

1.24 

21-9 

1.34 

42.8 

1.89 

as 

14.70 

2S8.0 1 4.43 

ISJ 

1.03 

iSj 

I. II 

31-7 

1.21 

3S-3 

1^3  » 

P'5 

1.85 

13 

30 

17-64 

3134  1  +'38 

>8,S 

1. 03 

21.7 

I.1I 

25.5 

1.20 

29-9 

1.30 

60*0 

1.85 

35 

so.  58 

3S6.6    4.17 

2  (.7 

I-03 

25,5 

t.tl 

30.1 

I.2I 

353 

i'3t 

70.9 

1.8* 

40 

33-Si 

394.0  1  4.09 

H'S 

1.04 

30.1 

1.13 

354 

1.22 

415 

1.32 

83 .0 

1.8S 

33 

tg.So 

623-^    5  63 

28.8 

I.2P 

33  I 

1.29 

38-0 

1.38 

43-5 

1.48 

80.3 

2.01 

35 

JO.  5  8 

640.0    5.58 

29.8 

t.20 

341 

1.38 

39  < 

1.38 

+4.8 

t47 

82.8 

2.01 

40 

23  52 

695.0    5.43 

33-1 

i.iS 

38.1 

1.27 

438 

1.36 

SO-3 

1,46 

93-5 

1.99 

«J 

iS 

26.48 

7S0-i  ,5^32 

37,1 

i.ia 

42.6 

1.26 

49.1 

1.36 

56.3 

145 

10^.2 

tn 

SO 

29.4  a 

8054  1  5^33 

41.2 

t.iR 

47-7 

1.27 

55.0 

136 

63.3 

1.46 

118. 1 

2.00 
2.02  1 

55 

32.36 

660.4  ,5.16 

46.1 

1. 19 

53-i 

1.38 

6t,4 

137 

70-5 

147 

13'. 9 

44 
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1 

■ 

PROPBRTIBS   OF   EqUAL   LbC   ANGLE! 

i 

^^^^ 

■ 

!>     / 

Maximum 
Bendioit 
Moment 

@  16.000 
Lb:  per 
Sq.  In. 

1 

1 

1 

Distance 

from 

Center 

of  Gravity 

to  Back 

of  An«l« 

.'1  i. 

Uart 
R^iu«  of 
C>.TatiDD 

1 

1 

Moment 

Section 

Radius  of 

Alia  3-3 

AxiH  1-1 

» 

of  Inertia 

Modulu* 

Gyration 

X 

U 

Si 

fi 

Tl 

Ml 

Itichc4 

Inchfi 

Pound* 

locbea* 

Inches 

Inched 

Inches' 

locbcs 

Incbo 

Foot- 
pounds 

«X8 

li 

6Z.7 

IR.44 

245 

106.56 

19.21 

2.4a 

'55 

25   600 

'!^ 

59.8 

17.59 

3-43 

102.3  > 

18,38 

2.41 

I.5S 

24  500 

>*, 

56.9 

16.73 

2.41 

97.97 

>7-53 

2.42 

ni 

23   400 

lA 

54^ 

15.87 

2.39 

93-53 

16.67 

2.43 

22    ZOO 

I 

Si-o 

15.00 

2.37 

88.98 

15.80 

au 

1.56 

21    100 

1 

48.  ( 

14,12 

2-34 

8433 

1492 

1.44 

1.56 

19   900 

45.0 

33.23 

2.32 

79.58 

14.02 

2.45 

1-57 

18   700 

1 

42.0, 

12.34 

a.30 

7472 

13.11 

2.46 

1-57 

17    500 

' 

38.9 

11.44 

2.28 

6974 

12.19 

2.47 

1-57 

16   200 

i 

35.8 

10.53 

2.25 

64-64 

11.25 

2.48 

1.58 

15   000 

31-7 

9.61 

2.23 

59-43 

10.30 

2.49 

1.58 

13    700 

i^ 

29.6 

8.68 

2.21 

5409 

9.34 

2.50 

1.58 

12    500 

264 

7-75 

2.19 

48.63 

8.37 

a.50 

1.58 

11    200 

6X6 

I 

37-4 

11.00 

1.86 

35-46 

8.S7 

1.80 

i.i6 

tl    400 

I 

35.3 

10.37 

1.84 

3372 

8.11 

1,80 

1.16 

10  800 

33-> 

9-73 

1.82 

31.92 

7.t'3 

J.81 

1.17 

10  200 

i 

31-0 

9.09 

1.80 

30.06 

7.»S 

1.82 

1.17 

9  550 

' 

28.7 

8.44 

1.78 

28.15 

6.66 

1.83 

1.17 

8  900 

i 

26.5 

778 

175 

26.19 

6.17 

1.83 

1.17 

B  250 

24.1 

7.11 

J  73 

24.16 

5.66 

1.84 

1.18 

7  550 

i* 

21.9 

6.43 

1.71 

22.07 

514 

1.85 

1.18 

6  850 

19.6 

575 

1.68 

19.91 

4.61 

1.86 

1.18 

6  150 

f 

17.2 

5.06 

1.66 

17.68 

4.07 

1.87 

1.19 

5  450 

14.9 

4.36 

i.64 

iS-39 

3.53 

1.88 

1.19 

4  700 

SX5 

1 

30.6 

9.00 

1.61 

ig.64 

5.B0 

t.48 

•^ 

7  730 

f 

1 

28.9 

8.50 

1.59 

18.71 

5.49 

148 

.96 

7  320 

27.2 

7.98 

»S7 

1775 

517 

1.49 

-96 

6  890 

1 

lit 

7-47 

<-55 

16.76 

4-85 

1.50 

•97 

6  470 

6.94 

1.52 

1574 

4.53 

1.51 

.97 

6  040 

■ 

i 

31.8 

6.40 

1.50 

14.68 

4.20 

1.51 

•97 

5  600 

20.0 

5.86 

1.48 

13.58 

3.86 

1.52 

■97 

5  "50 

f 

18.1 

5-31 

1.46 

ii.44 

3.51 

1.53 

-98 

4  680 

|6.2 

475 

1-43 

11.25 

3-15 

1-54 

.98 

4  200 

f 

14.3 

4.18 

1.41 

10.02 

1.79 

1.55 

.98 

3  720 

13.3 

3.61 

1.30 

874 

2.42 

1.56 

.99 

3  230 

4X4 

H 

19.9 

5.84 

1.29 

8.14 

3.01 

1.16 

77 

4  010 

IR.5 

5-44 

1.27 

7-67 

2.81 

1.19 

77 

3  750 

t 

17.1 

5-03 

1.25 

7.17 

2.61 

1.19 

.77 

3  480 

»5-7 

4.61 

1.23 

6.66 

2.40 

I.20 

■77 

3  200 

^ 

M-3 

4.18 

1.21 

6.12 

2.19 

1.21 

.78 

2   920 

12.8 

375 

1.18 

S.56 

1.97 

t.22 

-^l 

a  630 

f 

11.3 

3-31 

1.16 

4-97 

175 

1.23 

78 

2  330 

9.8 

2.86 

1.14 

4.36 

1-51 

1.23 

79 

2  030 

t 

8.1 

2.40 

1.12 

372 

1.29 

1.24 

•79 

I  720 

6.6 

T.94 

1.09 

3.04 

1.05 

1.2s 

79 

1  400 

L 

45 

1 

^H 

^^^^^H 

^^^^^1 
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TABLE  IZ.— Continued 
Pkopbrties  of  Equal  Leg  Angles 
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Mailmtim 

1 

Dl«tui« 

.^i: 

1-    y 1 

Uaut 

Beodina 
MotBcvt 

•3 

s 

Center 

^-- 

1 

Radius  Df 

Xb.  per 
Sq.ln, 

1 

4J 

1 

(rf  GravUy 
to  BAck 

t" 

1 

1 

H 

Moment  at 

Section 

Rjulfusaf 

A»iaj^3 

A^  i-i 

eK 

|a£TUa 

Modulus 

CytutkH) 

X 

Ii 

Si 

ri 

f; 

Ml 

tndHS 

IemJks 

Pound* 

Inchw* 

Inche* 

locbes* 

tnchfM* 

locbo 

Incbe* 

Foot' 

Pou&da 

3iX3i 

u 

17.1 

503 

i.t7 

5-25 

2,25 

1.02 

0.67 

3  000 

1 

i6.o 

4-69 

i.iS 

4.96 

l.It 

1.03 

0.67 

1  Rio 

n 

14^8 

4-H 

1,12 

4^65 

1.96 

1.04 

0.67 

2  610 

J[ 

13-6 

3,98 

t.io 

4-33 

I.81 

1.04 

0.67 

2  410 

12.4 

3.62 

I.Ofl 

3-99 

i.6s 

r.05 

0.6S 

2  200 

A 

IM 

3.25 

1.06 

3.63 

1.49 

1.06 

0,68 

I  yyo 

\ 

9-8 

2.87 

l.Q| 

3-26 

1-32 

1.07 

0.68 

I  760 

1 

8.S 

^.48 

1. 01 

2,ft7 

I. IS 

1.07 

0.69 

I  530 

T$ 

7-1 

2.09 

•99 

2,45 

98 

1,08 

0,69 

I  310 

1 

S-8 

1.69 

.97 

2.0I 

79 

1.09 

0.69 

I  050 

^ 

4'^ 

i.?8 

'94 

I-5S 

.60 

1.10 

0.69 

800 

ft 

3-6+ 

1.07 

.93 

I-3I 

•51 

1,10 

0.69 

680 

JX3 

A 

11-5 

3-36 

.98 

2.63 

K30 

.88 

<S7 

1  730 

10.4 

J.06 

.95 

243 

1.19 

.89 

-5? 

I  585 

1 

94 

2-75 

m 

1.22 

1-07 

.90 

.58 

I  430 

8-3 

2-4J 

.91 

1.00 

'95 

■91 

,58 

I  270 

1 

7,2 

2.1t 

,89 

1,76 

-83 

9" 

.58 

t  no 

A 

6.1 

178 

-87 

1.51 

71 

.91 

'59 

950 

i 

4-9 

1.44 

.84 

1.24 

'58 

'93 

l^ 

77W 

3-7' 

1.09 

.83 

.96 

■44 

•94 

.60 

590 

i 

a-SO 

07+ 

.so 

.66 

-30 

■95 

.60 

400 

:tlX2i 

1 

8.5 

2.50 

.87 

1.67 

.89 

.82 

-53 

1  190 

iV 

7.6 

2.22 

.85 

151 

79 

,Rl 

'53 

I  050 

1 

6.6 

1.92 

Si 

1-33 

.69 

.83 

-53 

920 

A 

5.6 

1.62 

Jo 

1.15 

■59 

.84 

■54 

790 

i 

45 

I.31 

.78 

.95 

.48 

^85 

-54 

640 

3-39 

I.CXI 

76 

73 

■37 

,86 

•54 

490 

i 

2.29 

0.63 

73 

■SI 

■25 

.87 

■55 

33s 

alX2i 

§ 

7-7 

2.25 

-Si 

1.23 

73 

74 

•47 

970 

A 

6.8 

2.00 

.78 

1.11 

■65 

74 

•48 

870 

1 

50 

1.73 

76 

.98 

-57 

75 

,48 

760 

^ 

S.0 

M7 

74 

■85 

.48 

.76 

•48 

640 

^ 

4-1 

1. 19 

.72 

.70 

■39 

77 

.49 

530 

3-07 

.90 

■69 

'SS 

.30 

78 

■49 

400 

i 

z.oS 

,61 

.67 

■38 

,20 

79 

•SO 

270 

4X2i 

t 

6.3 

2.00 

74 

.87 

■58 

.66 

■43 

770 

? 

6.1 

1.78 

72 

79 

'52 

.67 

43 

690 

1 

S3 

tss 

.70 

.70 

■45 

.67 

43 

600 

A 

4.5 

I-3I 

.6S 

.6 1 

-39 

,61 

,44 

Szo 

A 

3M 

1.07 

.66 

.51 

■3^ 

.65 

■44 

4JO 

2.7? 

.g[ 

.63 

■39 

.34 

70 

-44 

330 

1 

1.86 

.55 

,61 

.27 

-j6 

71 

45 

220 

46 
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I 

1 

PROPE 

HTtES    OF 

Equal  Leg  Ancles 

1 

1 

i 

1 

Diitancr 
from 
Center 
of  Gravity 
to  Back 
of  Anftle 

■I    / 

1 

Least 
Radius  of 
Gyration 

Mn.viniiini 
Bcndini: 
Moment 

^  !<..ooa 
Lb.  per 
SQ>In. 

1 

1'' 

1   - 

1 

1 

Moment 
of  Inertia 

Section 

Modulus 

Radtuxof 
Gyratloo 

AxtoJ-3 

Axiii-t 

) 

X 

I. 

5t 

ri 

ft 

Ml 

iDchet 

rncllM 

Pounds 

IncJic*" 

Inchca 

IlKbM* 

Incbaf 

Inchei 

Inches 

Foof- 
Pounds 

iXi 

^ 

5-3 

1.56 

,66 

■54 

•40 

•59 

•39 

530 

1 

4.7 

1.36 

.64 

48 

.35 

.59 

•39 

470 

A 

J.93 

IIS 

.61 

42 

-30 

.60 

•39 

400 

i 

J.I9 

■94 

.59 

.35 

•25 

.61 

•39 

330 

A 

J-44 

.71 

.57 

.28 

,19 

.61 

.40 

250 

* 

t.6s 

.48 

•55 

.»9 

.13 

.63 

.40 

170 

iJX.l 

iV 

4.6 

1.34 

.59 

•35 

.30 

•SI 

•33 

400 

Jj 

3-99 

1.18 

.57 

.31 

.26 

.51 

.34 

350 

3-39 

1.00 

•55 

.27 

23 

■52 

•34 

310 

Jt 

4.77 

.81 

.53 

.23 

.19 

53 

.34 

250 

2.tZ 

.63 

•SI 

.18 

"4 

54 

•35 

190 

t 

1-44 

.43 

.48 

.13 

.10 

■55 

■35 

130 

•tXil 

i 

3.JS 

.99 

•5' 

.19 

-«9 

44 

.29 

250 

2.86 

'!♦ 

•49 

.16 

.16 

^44 

.29 

220 

t 

1.34 

.69 

•47 

.14 

.134 

■45 

.29 

180 

i 

l.8o 

■5| 

•44 

.11 

.10 

.46 

.29 

140 

1 

1.23 

.36 

•42 

.078 

^2 

^6 

.30 

90 

uxu 

A 

2-33 

.68 

.42 

-091 

.109 

.36 

.23 

150 

Jt 

1-92 

.56 

•40 

.077 

.091 

•37 

.24 

120 

t-48 

.43 

.38 

.061 

.071 

.38 

.24 

90 

t 

1. 01 

■30 

•35 

■044 

.049 

•38 

•25 

70 

i»Xi| 

A 

1-32 

•39 

•35 

.044 

■057 

•34 

.22 

75 

t 

.91 

•27 

.33 

.032 

.040 

■34 

.22 

50 

iXi 

I 

M? 

■44 

.34 

■057 

.056 

■29 

.19 

75 

A 

t.t6 

•34 

.32 

.030 

.044 

•30 

.19 

60 

i 

.8 

■23 

.30 

.022 

.031 

•3" 

.20 

40 

.109 

■71 

.21 

.29 

.020 

.028 

-31 

,20 

40 

ixl 

^ 

1.00 

.30 

.29 

.019 

■OJ3 

.26 

.18 

40 

Jl 

.70 

.21 

.26 

.014 

.023 

.26 

.19 

30 

.53 

.16 

•25 

.011 

.018 

■27 

.20 

20 

IXl 

A 

.84 

-25 

.26 

.012 

.024 

.22 

»5 

32 

A 

•59 

.18 

.23 

.0088 

joiy 

.23 

.15 

23 

•45 

•14 

.31 

.0069 

.013 

■23 

•15 

17 

ixl 

A 

48 

•15 

.20 

.0048 

.0113 

.18 

.T2 

»5 

.37 

.11 

.19 

.0038 

.0088 

.19 

.12 

11 

ixl 

A 

.38 

.11 

.17 

.0023 

.007 

•'S 

.10 

0 

29 

.085 

.16 

.0019 

.0055 

■15 

.10 

7 

• 

47 
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^^B                                 Properties  of  Uxeqcal  Leg  Angles 

1 

1 

Eh 

1^ 

e  ^ 

d$ 

|5J 

1 

1 

1 

1 

1^5 

-^x 

m 

lli 

^  8  e 

Morarnt  of 

Section 

Radiui  of 

1 

1 

fi 

£ 
« 

^ 

Inertia 

ModalM 

Cyntiaa 

15 

1 

|2 

m 

^1^ 

Axis 

a-a 

Axis 
i-i 

AxU 

Axis 

I-I 

Axis 

Axii 
3-3 

XI 

Xl 

u 

U 

Pi 

Si 

n 

n 

ri 

Uz 

M) 

In. 

In. 

Lb. 

la.' 

In. 

In. 

ln.« 

lD.« 

In.« 

la.« 

In. 

In. 

In. 

Ft^Lb. 

Ft-Lb. 

8X6 

1 

4+-a 

13.00 

..65 

2.6s 

38.78 

80.78 

8.92 

15.H 

1-73 

2-49 

1.28 

.543 

20  150 

II    900 

n 

41-7 

12.25 

1.63 

2.63 

36.85 

76.59 

8.43 

14-27 

1.73 

2.50 

1.28 

-545 

19  030 

11    250 

i 

39  1 

tl-^K 

1.61 

2.61 

34.86 

72.31 

7-94 

1341 

«-74 

2.51 

1.28 

.546 

17  900 

10  600 

" 

tt 

36.S 

10.72 

1.59 

2.59 

32.82 

67.9a 

7.44 

12.55 

I-7S 

2.52 

1.29 

-549 

16  730 

9  900 

i 

33.8 

9'94 

I-S6 

2.56 

30.72 

63.43 

6.93 

11.67 

1.76 

a.53 

1.29 

■553 

15  560 

9  250 

tt 

31.2 

9.15 

154 

2.54 

28.56 

58.82 

6.41 

10.77 

1-77 

2.54 

1.29 

•556 

14  400 

8  550 

1 

28.5 

8.36 

1-52 

2.52 

26.33 

54.10 

5.88 

9.87 

1.77 

2-54 

1-30 

-554 

13  «6o 

7  850 

* 

as  7 

7.56 

1.50 

2.50 

24.04 

49.26 

5.34 

8.95 

1.78 

*S5 

1.30 

.556 

n  930 

7  100 

A 

13.0 

675 

1-47 

2-47 

21.68 

44-31 

4.79 

8.02 

1-79 

2.56 

1.30 

.558 

10  700 

6  400 

20.2 

5-93 

1-45 

2-45 

19.25 

39-23 

4.23 

7.07 

1.80 

1.57 

1.30 

.560 

9  420 

5  640 

3X3i 

t 

35-7 

10.50 

-92 

3.17 

7.8 

66.2 

3-0 

13-7 

.86 

2.51 

-73 



18  400 

4  000 

H 

33.7 

9.90 

.89 

314 

7-4 

62.9 

2-9 

11.9 

.87 

2.52 

-73 

17    2C0 

3  870 

i 

31.7 

9.30 

.87 

3-12 

7." 

59-4 

2.7 

12.2 

^87 

2-53 

.73 

16    200 

3  600 

» 

29.6 

8.68 

i^ 

3.10 

6.7 

55-9 

25 

"1 

10.6 

.88 

2.54 

■73 

15    200 

3  330 

i 

a7-5 

8.06 

.82 

3.07 

6.3 

52.3 

2.3 

.88 

2-55 

-73 

14    100 

3  060 

w 

25.3 

743 

.80 

3-05 

5.9 

48.5 

2.2 

9.8 

.89 

2.56 

.73 

13   000 

2  930 

1 

»3.2 

6.80 

.78 

3.03 

5.4 

447 

2.0 

9.0 

.90 

2.57 

.74 

12   000 

2  6£o 

A 

3I.O 

615 

■75 

3.00 

5.0 

40.8 

1.8 

8.2 

.90 

2.57 

•74 



10  900 

2    400 

k 

18.7 

5.50 

.73 

2.98 

4.5 

36.7 

1.6 

7-3 

.91 

2.58 

.74 

9  7CO 

2    190 

16.5 

4.84 

.70 

2.95 

41 

32.5 

1-5 

6-4 

.92 

2.59 

-74 



8  600 

2    000 

7X3i 

I 

32.3 

9.50 

.96 

2.70 

7.53 

45-37 

2.96 

10.58 

■89 

2.19 

•74 

.241 

14  100 

3  950 

H 

30.5 

8.97 

.94 

2.69 

7.18 

43-13 

2.80 

10.00 

.89 

2.19 

.74 

•244 

13  350 

3  740 

I 

18.7 

8.42 

91 

2.66 

6.83 

40.82 

2.64 

9.4* 

.90 

2.20 

•74 

.247 

12  550 

3  520 

1 

H 

26.8 

7.87 

.89 

2.64 

6.46 

38.44 

2.48 

8.82 

.91 

2.21 

•74 
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3IX3 
3iX3| 
3  X3l 
1  X= 

iiX2 

Size 

31,8  21^6 

r  — ■ 

■  '" 

.... 

8.7 
77 

7.2 

6.6 
6.t 
S.6 
5^ 
4^5 

A 

20.6 

19.5 

18.3 
17. 1 

16.0 

14^8 

13.6 

224 
21.1 

19.8 

17.3 
14.7 

.... 

.... 

■  '■' 

.... 

3.S 

4-9 
45 

4*1 
J-7 

i 

A 

f 

H 

1 

H 

/ 

jA 

^i 

Size 

1 

A 

I 

« 

54 


TABLE  27 

OVERBUK  OF    PeHCOYD 

Ancles 

Overrun  of  Anslcd  in  Indies 

Siatot 

Thicfcnen  in  InchH 

Iarl»« 

ll 

«A 

I 

H 

1 

H 

1 

n 

1 

A 

i 

A 

1 

A 

i 

A 

i 

8  X8 

6  X6 

4  X4 
3JX3i 

l|X2} 

2  Xa 

il^ll 

8  X6 

7  X3l 
6  X4 
6  X3i 

5  X4 
5   X3i 
5  X3. 
4  X3I 
4.X3 
3»X3 
3lX2 

3  X; 
1  Xa 
2JX2 
i  Xi| 

i 

A 

1 

i 

J 

0 

i 

0 
0 

i 

A 
A 

t 

A 

0 

0 

0 
0 
0 

t 

0 

1 

0 
0 

0 

■ 

A 

} 

t 

1 

i 

0 
0 
0 
A 

0 

} 

A 

1 

! 

^ 

A 

0 

1 

A 

t 

0 
0 
0 

A 

0 

A 

0 
0 
0 
0 

0 

0 
□ 

0 

0 
0 

0 

A 

1 

1 

A 

0 

A 

0 

0 
0 

A 

0 

•  "■• '  — 

'     '     1 

f5 


TABLE  28 
Overrun  of  Pennsylvania  Steel  Co.  Angles 


Oy  emm  of  Atafc*  la  EEidKi                                                                          ] 

SbcDf 

TKifkncn  In  tncba 

Mnxiffliim  Length  of  Ancla 

t»d»> 

l| 

<A 

t 

« 

J 

» 

J 

» 

i 

A 

1 

A 

1 

A 

i 

A 

i 

Fe*t 

8  Xfl 
6  X6 

5  XS 
44X41 

4  X4 

1  Xa 

i4xi4 

8  X6 

6  X4 
6X3l 

5  X4 
S  X3! 
5  X3 
44X1 
4  X3l 
4  X3 
3*X3. 
3*Xi4 
3  X2i 
3  X2 

i 

i 

s 

t 

4 

1 

A 

A 
A 

1 

A 

A 

A 

A 

t 

A 

* 

1 
t 

A 
4 

S6fbf  trio  los  fori" 

88  for  V'  to  105  for  A" 

70 

70 
70 
70 

yc 
35  for  4"  10  so  for  A" 

50 
50 

63  for  ir  to  tos  for  r 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

6s 

A 

A 

0 

1 

1 

■  ■  - 

.,- 

t 

A 

... 

' 

A 

t 

* 

A 

1 

1 

t 

1 

1 

1 

IT 

A 

1 

1 
1 

r 

A 

4 

1 

,,. 

A 
i 

1   i 

A    I 

^ , . 

, 

58 


TABLE  29. 

Carnegie  Angles. 

Net  Areas  and  Allowable  Tension  Vali;es  in  Thousands  of  Pounds; 

Maximum  Kibor  Stress,  16,000  Pounds  per  Square  Ifich. 


Sift, 
Inchn 


«  X8 

8  Xfi 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 

8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 

6X6 

6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 
6X6 

6X4 
6X  + 
6X4 
6X4 
6X4 
6X4 
6X4 
6X4 
6X4 


X3 

X3 
X3 

Xj 


k 


43 


Thidc- 

DCM, 

Inchet. 


per  Foot, 


Area, 


51.0 
48.1 

45.0 

43.0 

38.9 
35-8 
327 
29.6 
26.4 

44.2 
41-7 
39.1 

36.S 
33-8 
31.2 
28.S 
35.7 
23.0 
2a2 

33' 
31.0 
387 
26.5 
U-a 
31.9 
19.6 
17.2 
14.9 

27.3 

25-4 
23.6 
21.8 
20.0 
18.1 
16.2 
>4-3 
1 1-3 

16.8 
15.2 

13.6 

I2X> 
10.4 

87 

I2.B 

II.J 

9.8 

8.2 


15.00 
14.12 
13.13 
1234 
U.44 
10.53 

9.61 
8.6fi 
7-75 

13.00 

12.25 
11.4a 
1072 

9-94 
9.IS 
fi.36 
7.56 
67s 
5 '93 

9-73 
9.09 

8.44 
778 
7.11 
6.43 
S-75 
5.06 

436 

7.98 
7-47 
694 
640 
5.86 
5-3< 
47S 
4-18 
3/.1 

4.92 
4-47 
4.00 
353 

305 
2.56 

375 
331 

3.86 

-.40 


Net  Arcfti  and  SircMc*— Two  HoJm  Deducted, 


I  todb  Rivcta. 


Area, 


13.00 
13.24 

11.48 
1073 

9-94 
9.16 
8.36 
7  55 
675 

n.oo 

10.37 

9  73 
9.10 

8.44 
7.78 
7.11 
643 

575 
5.05 

7.98 

7  47 
6,94 
6.41 
5.86 
5.30 

475 
4.18 
3  61 

6.33 
5.85 
5-44 
5.03 
4.61 
4-18 
375 
3-30 
2.86 

3.67 
3-34 
3.00 
2.65 
3.30 
1.93 

3.75 

a-43 
3.11 

177 


SCICM. 


67 


208.0 
195.8 

1837 

I7«.5 
159.0 
146.6 
133.8 
120.8 
108.0 

176,0 
165.9 
>557 
145.6 
135.0 
124.5 
1 13.8 
102.9 
92.0 
80.8 

1377 

"9  5 
It  1.0 

103.6 

93.8 
84.8 

76.0 

66.9 

57-8 

93.6 
87.0 
80.5 
73.8 
66.9 
60.0 
51.8 
45.8 

587 
53-4 
48.0 
42.4 
36.8 
30.9 

44^ 

38.9 
33.8 
38.3 


I  locb  Rivets. 


Ana, 
tDcbcS>. 


13.35 
13.48 
11.70 
10.92 
10.13 

933 

8.52 
7.70 
6.87 

11.35 

io.6t 

9-95 
9.30 
8.63 

7-95 
7,27 
6.58 
5.87 
5.16 

8.20 
7.67 
7-13 
6.58 

6.03 

5.45 
4.87 
4.29 
3.70 

6.45 
6.05 
563 
5.30 

477 
4-33 
387 
34> 
19s 

3.83 
3.49 

3.76 

2.39 
3.0 1 

3.87 

3S4 
2.20 

185 


Stnas. 


213.0 

1997 
187.2 

1747 
163.1 

149.3 
136.3 
123.2 
109.9 

180.0 
169.8 
159.2 
148.8 
138.I 
127.2 
116.3 
105.3 

93.9 
82.6 

131.3 

1327 
II4.I 

"05-3 
96.3 
87.3 

77-9 
68.6 

59.3 

103.3 
96.8 
90.1 

83.2 
76.3 
69-3 
61.9 

54-6 
47.2 

61.3 

55.8 
49-9 
442 
38,2 
32.3 

40.6 
39.6 


I  Inch  Rivcu. 


Areai 


S.67 

7-84 
7,00 


7.42 
6.72 
6.00 

5-27 


6.17 
5-59 
5.00 
4.40 

3.80 


4.92 

4-47 

4.00 

3-52 
3.0s 

3.98 
3.63 

3-3S 
3R7 
3.49 

2.09 

3.00 
2.6s 
3.30 
1.93 


Stress. 


1387 
125,4 
1 1 2.0 


118.7 

107.  S 

96.0 

84.3 


987 

89.4 
80.0 
70.4 
60.8 


7&7 
71-5 
64.0 

56.3 

48.8 

637 
S8.I 
53.0 
45-9 
39.8 
33.4 

48.0 

4^4 
36.8 

30.9 


TABLE  29.— OMimMoC 

Casnegib  Ahcles. 

Net  Abkas  ahd  Allowable  Tension  Values  vx  Thoitsands  or  Pdumds. 

Maximum  Fiber  Street  16,000  Pounds  per  Square  Inch. 


li*rl>**- 

Tlikk' 
IndKS. 

per  Foot, 

Art*. 

KaAnuaadStn»t-ODe»(dtD«lKtcd*                      { 

llactiRiTCU. 

llncbRJntA. 

IlKhRrnlL     1 

Ami, 

Suns. 

Indies. 

SbcM. 

AiC*, 

Stnm 

6X6 

5M 

971 

8.85 

141-6 

8^96 

1434 



6X6 
6X6 
6X6 
6X6 

31XJ 
18.7 
26,5 

14-2 

909 
844 
7^78 
7.11 

8.3S 

IJ2.S 
I2J.0 

^34 
1037 

8.j8 
7.78 
7.1S 

134-1 

144-i 

114-9 

105  JO 

7.69 
7.09 
648 

*  *•  * 

6.56 

6^" 

I0Gu3 

6X6 

A 

21.9 

643 

587 

939 

594 

9$jo 

6^1 

96.2 

85-9 

6X6 

19.6 

575 

S-aS 

84^ 

S'Ji 

85^ 

5-37 

6X6 

iV 

17.1 

S-^ 

4.62 

7h9 

4-68 

74-9 

4^73 

757 

6X6 

14-9 

4^56 

3-98 

637 

4.03 

64.S 

4-08 

65.3 

6X4 
6X4 

H 

17.1 

1S4 

7-98 
747 

7^10 
6.66 

113.6 
106.6 

7.21 

6.76 

1 154 

108.2 

. . .  . .  . 



6X4 

13-^ 

6,94 

6.19 

99.0 

6.28 

100.5 

6X4 
6X4 

H 

zi*8 

640 
S.S6 

S-71 
S'»3 

914 

837 

S-80 

92-8 
8s-o 

jQjQ 

5-39 

S6.2 

6X4 

A 

i».( 

syt 

4-7S 

76^ 

4.81 

771 

4^89 

78.2 

6X4 

16.Z 

4-7S 

41s 

68,C> 

4-31 

69.0 

4-37 

69^ 

6X4 

A 

I4'3 

4-18 

374 

59-8 

3^80 

6q.8 

385 

61^ 

6X4 

12-3 

3.61 

3-13 

5*7 

3.28 

SaS 

333 

53*3 

5X3* 

16,6 

49a 

4.19 

68.6 

4.37 

69,9 

445 

71.2 

SX3I 

A 

iS^a 

447 

391 

62.6 

J.98 

63,7 

4.0J 

64,8 

SK3I 

13.6 

4.00 

3.50 

560 

356 

57.0 

3.62 

S7'9 

SX3l 

A 

11.0 

353 

3-09 

494 

$'^S 

504 

3.20 

SI.2 

SX3l 

10.4 

3«j 

2.67 

427 

2.72 

43-5 

2.77 

44-3 

SX3i 

A 

8.7 

2,56 

2-25 

36,0 

2.29 

36.6 

^33 

37-3 

SX3 

tS'7 

4.61 

3-98 

637 

4.06 

65.0 

4-14 

66-2 

SX3 

A 

(43 

4.18 

3,62 

S7-9 

3.69 

S9.0 

3^76 

60,2 

5X3 

tz.S 

J'75 

3-35 

53.0 

331 

53.0 

3.37 

53-9 

SX3 

A 

n.3 

J  31 

3.87 

45-9 

3.9J 

46.9 

2.95 

47.7 

SX3 

9.8 

1.86 

J.4« 

397 

^■5S 

40.i 

2.5S 

41.3 

SX3 

A 

8.2 

34Q 

2.09 

334 

3.13 

34^1 

a-17 

347 

4X4 

'57 

4.61 

3^98 

63.7 

4.g6 

65.0 

4-14 

66,2 

4X4 

A 

'4-3 

4^t8 

3.62 

S7-9 

369 

59-0 

376 

60.2 

4X4 

I2.g 

J-7S 

3.2s 

51.0 

3-31 

53-0 

337 

5S9 

4X4 

A 

11.3 

3.31 

2.87 

45-9 

1-93 

46.9 

2.9a 

477 

4X4 

9-8 

2M6 

24S 

397 

2-53 

40-5 

!-58 

413 

4X4 

A 

S.J 

1.40 

2,09 

334 

2.13 

341 

2.17 

347 

4X4 

6.6 

1.94 

1.69 

I7-0 

1.71 

37-5 

175 

28,0 

4X3 

li-i 

335 

175 

44-0 

1.81 

4SO 

2.B7 

45-9 

4X3 

A 

9.9 

2.87 

243 

38.9 

249 

39-8 

i'54 

40.6 

4X3 

8.S 

2.48 

3.10 

33.6 

2JS 

344 

2.20 

35-a 

4X3 

A 

7.2 

2,C9 

178 

28.5 

1.82 

29.1 

1.S6 

29.S 

4X3 

s-e 

i.6g 

144 

13  0 

147 

aj-S 

ISO 

14-0 

58 


^ 

^ 

TABLE  79.—CoHiinutd. 

■ 

■ 

Carnegie  Angles. 

' 

^^^H 

Net  Areas  and 

Allowable  Tension  Values  in  Thousands  of 

Pounds. 

^^ 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 

1 

Siie. 
lodM*. 

Thick- 

Weight 
1   prr  Font, 

Arem, 

N«t  Anas  and  Streon— One  Hole  Deducted. 

i  Inch  RiveU, 

1  Inch  Riveu. 

t  locii  Rivpti. 

Inches. 

I>0linrl4. 

Ana. 
Inches'. 

StTM. 

Area, 

Inched. 

Strew. 

Area, 

IiKbei". 

Stren. 

{ 
1, 

3*X3i 

t 

13.6 

3.98 

3-3S 

53.6 

3-43 

549 

3-51 

56.2 

3iX3i 

A 

13.4 

3.62 

3.06 

49-0 

3.13 

501 

3-30 

51.3 

ii 

5iX3i 

i 

II. 1 

3  25 

275 

44.0 

2.81 

45-0 

2-87 

45-9 

34X3i 

A 

9.8 

2.87 

2-43 

38.9 

249 

39.8 

2.54 

40.6 

jSX3i 

I 

8.S 

2.48 

2.10 

33.6 

2-IS 

34-4 

2.20 

35.2 

1 

3iX3J 

A 

71 

2.09 

1.78 

28.5 

1.82 

29.1 

1.86 

29-8 

3§X3i 

J 

5.8 

1.69 

1.44 

330 

'•47 

23-5 

1.50 

24.0 

3JX3 

J 

10.2 

3.00 

2.S0 

40.0 

2.56 

41.0 

2.62 

41-9 

3i  X3 

A 

91 

2.65 

2.21 

35-4 

2.27 

36.3 

3.32 

37> 

3i  X3 

i 

7-9 

2.30 

1.92 

30.7 

I-97 

31.5 

3.02 

32.3 

1 

3iX3 

A 

6.6 

1-93 

1.62 

25.9 

1.66 

26.6 

1.70 

27.2 

3iX3 

i 

5* 

1.56 

1-3 1 

2r  0 

«-34 

21.4 

147 

21.9 

3iX2i 

J 

9-4 

a.7S 

2.25 

36.0 

3.31 

37.0 

3.37 

37-9 

3lX2j 

A 

8.3 

1-43 

1-99 

3t.8 

1.05 

32.8 

2.10 

33.6 

, 

3iX2j 

J 

7.2 

2.11 

173 

27.7 

1.78 

28.5 

1.83 

29.J 

' 

3lXai 

A 

6.1 

1.78 

1-47 

335 

1.51 

24.2 

^S5 

24.8 

3lXaJ 

I 

+  9 

1-44 

1. 19 

19.0 

1.22 

19.5 

I.3S 

30.0 

3    X3 

J 

94 

27s 

a.3S 

36.0 

2.31 

37-0 

3-37 

37-9 

3    X3 

A 

8.3 

1.43 

1-99 

31.8 

2.0s 

32.8 

3.10 

33.6 

3    X3 

1 

7.2 

2.11 

1.73 

377 

1.78 

28.5 

1.83 

29.3 

, 

3    X3 

A 

6,1 

1.78 

1.47 

33.5 

1.51 

34.3 

"55 

34.8 

1 

3    X3 

J 

4.9 

1-44 

1.19 

19.0 

1.32 

19.5 

"25 

30.0 

3    XaJ 

1 

6.6 

1.92 

1-54 

34.6 

1.59 

35-4 

1.64 

26.2 

3    X2h 

A 

S-6 

1. 6  J 

1.31 

31. 0 

1-35 

21.6 

1-39 

33.2 

3    Xal 

I 

4-S 

1.31 

1.06 

170 

1.09 

17-4 

M2 

17.9 

2^  X  2| 

1 

1-9 

173 
147 

I.IQ 



1.40 

1.20 

33.4 
19.2 
155 

11.8 

1-45 
1.24 

1. 00 

23.3 
19.8 

2\  X2) 

A 

2\  X  2) 

i 

J 

4.1 

0.97 

0.74 

16.0 

»*X2| 

A 

J -07 

0.90 

0.76 

12.3 

2i  X2 

i 

5-3 

'55 

1.23 

195 

1.37 

20.3 

\ 

2i  X  3 

A 

4-5 

i.tt 

1.04 

16.6 

1.08 

17.? 

1 

2I   X2 

i 

3.63 

to6 

0.84 

0^5 

J3-4 
104 

0.87 

0.67 

1.08 

'  1 '  J 

i 

xj  X  2 

A 

2.7? 

0.81 

10.7 

' 

1     X2 

1 

47 

1.36 

'7  3 

3X2 

A 

1>92 

MS 

0.94 

0.71 

0.93 

07s 
0.57 

0.77 
0.62 

«47 

13.0 

1 

2X2 

i 

t.IO 

1 

1X2 

• 

t>44 

9.1 
"33 

9.9 

77 

1     X  l| 

•• 
A 

3-39 
2.77 

2.12 

1.00 

i 

t    Xih 

i 

0.8 1 

1 

a    X  li 

• 
A 

0.63 

0.48 

1 

50 

i 

^^^H 

^^^^^1 

^^^^^H 

^^^^^H 

^^^^^H 

^M 

1 

1 

1 

1 

f 

TABLE  30 

1 

Leg  Ancxbs 

ANDARDS 

V 

1 

r 

^ 

Safe  ujads.  in  ions,  for  ilqval  j 
Amewcan  Bridge  Company  St 

■ 

: 

Size  of  Amglb 

LCNcm  OP  Spah  m  Fskt 

X 

3 

J 

4             5 

6 

7 

$ 

9 

10       It 

tt 

7.791 

3.720 

r 

8"X8" 

■r 

93-493 
^.640 

46.74731.164 

22.320114.880 

23.373 
11.160 

18.699 

8.928 

15.582 
7.44<^ 

13.356 

6.377 

11.687 

5.580 

10.3889.349:8.499 

4.96o!4.464l4.o;8 

1 

6"X6" 

t 

i 

45-707 

18.827 

22.854 
9.413 

15.236 
6.276 

11.427 
4.707 

9. 141 

3765 

7.618 
3.138 

6.529 
2.689 

5-713 
2-353 

S.078 
2.092 

4.57. 
1.883 

4-155  3.809 
1. 71 2  1.569 
2.812  2.578 
M73'"075 
1.459  1.338 
.510    .467 
1.091  1. 000 

.247     -227 

5"X5" 

'« 

30.933 
12.907 

15.467 

6-453 

10.311 
4.302 

7-733 
3.227 

6.187 
2.581 

5.156 
2.151 

4-419 
1.844 

3.867 
1.613 

3-437I3-093 
1.43411.291 

1.78411.605 
.622I  .560 

4"X4" 

!• 

16.053 
5.600 

8.027 
2.800 

5-351 
1.867 

4.013 
1.400 

3.211 
1.120 

2.676 

.933 

2.293 
-800 

2.007 
.700 

3rx3r 

S 

1 2.000 

2.720 

6.000 
1-360 

4.000   3.000 

.9071     .680 

2.400 

.544 

2.000 
.453 

1.714 

.388 

1.500 
.340 

1-333 

.J02 

i.aoo 

-272 

3"X3" 

1 

6.933 
1.600 

3.467 
.800 

2.3 1 1 

1.733 
.400 

1.387 
.320 

1.156 

.267 

.990 

.229 

.867 

.200 

.770 
.178 

.693;  .630   .578 
.160'  .145    .135 

»i"X2i" 

i 

4-747 
"333 

'M 

1.582    1.187 
•444!     -333 

.949 
,267 

.791 
.222 

.679 
.190 

.593 

.167 

.148 

•475!  -43 «;  -396 
.133,  -ml    Ml 

2l"X2i" 

1 

3893 
1.067 

"947 

_^533 

X54<i 

.427 

.356 

.973 
.267 

-779 
.213 

.649 

.178 

•556 
.152 

-4S7 
.133 

.433 
.118 

-389I  .354!  -324 
.107    .097'  .089 

2i"X2r 

1 

3.093 
-853 

1.031 
.284 

.773 
.213 

.619 
.171 

.515 
.142 

-442 
.122 

.387 
.107 

•344 

•095 

.309:  .2811  .258 
.085!   .078!  .071 

2"X2" 

t 

.693 

1.067 

•347 

.711 
.231 

'533 
.173 

.427 
.139 

.356 
.116 

.305 
.099 

.267 
.087 

.2371  .213    .<94 
.077    .069    .063 

.178 
.058 

irxir 

t 

].6oo 

.533 

.800 
.267 

•507 
.192 

•533 
.178 

«4O0 

■133 

-253 
.096 

.320 
.107 

.267 
.089 

u>76 

.200 
.067 

.178;  .160 
.059    .053 

.145 

,048 

.092 
-035 

.133 
^44 

^4 
.031 

ij"xir 

1 

1.013 
.384 

.33B 
.128 

.203 
.077 

.169 
.064 

-«45 
OSS 

.127 
.048 

.113 
.043 

.101 

.038 

irxir 

t 

.261 

.293 

.196 

.087 

•U7 

.065 

,117 

.052 

.098 
-044 

.084 
■037 

■073 
.033 

.065 
.029 

•059 

.026 

-053 
.024 

.049 
.02  J 

ij"xir 

t 

•304 
.213 

.152 

.107 

.101 
.071 

.076 

.053 
.075 
.037 

.061 
.043 

.051 

.036 

.043 

.030 

.038 
.027 

.034 
.024 

.030 
.021 

.028 
.019 

.025 
.018 
.025 

.OI2 
.015 

.008 
-Oil 

.006 

i"Xi" 

\ 

.109 

.299 
.149 

.149 

.075 

.099 

.050 

.n6n 
.030 

.0^0 

.0^5 

.043 
.021 

.037 
.019 

.033 
.017 

.029 

.015 

.027 
,013 

rxr 

« 

.096 

.088 
.048 

■059 
.032 

.044 
■024 

.035 
.019 

.029 
.016 

.025 
.014 

.022 
.012 
.016 
.009 

.020 
.oil 

.018 

.010 

.016 
.009 

rxi" 

i 

.128 
.069 

.064 
.035 

•043 

.023 

.032 
.017 

.026 
.014 

.021 
.012 

.018 
.010 

.014 
.008 

.013 

.007 

,012 

.006 

rxr 

1 

.OfX) 

.047 

.030 
.023 

.020 
.016 

.015 
.012 

.012 
.009 

.010 
.ooS 

.009 
.007 

.007 
,006 

.007  j  ,006 
.005'  .005 

.005 
.004 

-OOS 
-004 

rx§" 

i. 

.037 
.029 

.019 
.015 

.012 

.010 

.009 

.007 

.007       .006 
.006       .005 

.005 
.004 

.005 
.004 

.004|  .004 
.0O3|  .003 

.003 

.003 

.003 
.002 

Safe  I-oac 
pounds  i^et 
intcrmcdiiit* 

in  ton 
square  i 
•  thickn 

5  of   3000  poll 

nch.     The  Sal 
CM  ran  be  ass 

e  Load  includes  weight  of  A 
umed  as  approximately  pro 

For  ma. 

ngle. 

portion 

«mum  fiber  Btress  of  ift.000 
The  Safe  Load  for  .\ng1ea  of 
al  to  their  area  or  wciirhl. 

1 

m. 

: 

1 

L 

^ 

^ 

BO 

J 

^ 

■ 

■ 
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TABLE   31 

Safe  Loads,  ts  Tons,  for  Unequal  Leg  Angles 

American  Bripge  Company  Standards 


SuK  or  Ancli 

1^ 

Lkncth  o»  Span  in  Fart 

I 

'  1  ' 

4 

« 

6 

7 

s 

9 

10 

II 

19 

3 

t 
s 

8"X6" 

I" 

8 
6 

80.586 
47-57? 

40.293 '26.862 
23.78615.857 

20.147 
1 1.893 

16.117 
95'5 

13.431 

7.928 

"■512 

6.796 

10.073 

S-94'^> 

8.954 

5.286 

8.058 
4757 

7.326 
4-325 

6.715 
3-9641 

iV 

S 
6 

37.706 
22.560 

18.853 
11.380 

12.568 
7.520 

9.426 

5.640 

7.541 
4.512 

6.2B4 
3760 

5-387 
3.222 

4713  4'»89 
2.820  2.^67 

3 -771 
2.256 

3-428 
2.051 

lissc 

8"X3i" 

I 

8 
3» 

73.488 
16.079 

36744 
8.039 

24.496 
5-359 

18.372 
4.020 

14.696 

3.216 
6.862 
1.560 

12.500 
2.679 

10.498 
2297 

9.186 

2.0I0 

8.16c 
1.786 

7.349 
1.608 

6.681 

I -461 

6.35c 
K34C 

A 

8 
3» 

34-312 
7.801 

17.156 

28.213 
7-891 

11.437 
2.600 

18.819 
5.262 

8.578 
1.950 

5718 
1.300 

4-901 
1.114 

4.289 

0.975 

3-812 
0.867 

3-431 

0.780 

1.119 

0.709 

2.859 

0.6  qc 

7"X3J" 

1 

1 

h 

56427 
15.787 

14.107 

,1:947 

5.773 
1.680 

11.285 
3-'57 

9.404 
2.631 

8.061 

2.255 

7053 

_i:?73 

2.887 

.840 

6.270 
1.754 
2.566 

-747 

5.643 
1.^79 

5.I30I4.702 
I  435l»  3>f 

Is 

23.093 

6.720 

"-547 

3360 

21.387 
10.107 

7.698 
2.240 

4.619 

1-344 

3-845 
1.120 

3-299 
.960 

2.309 
.672 

3.099 
.611 

1.924 
.56c 

6"X4" 

t 

6 
4 

42773 
20.213 

M.257 
6.738 
5.902 
1.844 

13.920 
M?6 

10.693 

5-053 

8.555 
4-043 

7.139 
3.369 

6.1 10 

2.888 

5  347 
2.527 

4-753 
2.246 

4-277 
2021 

3.888 
1.838 

3-564 
1.684 

1 

6 

4 

17.707 
8-533 
41.760 
11.467 
14.613 
5.547 

8.853 

20.880 

7-733 

4-427 
2.t33 

10.440 
3-867 

3-54" 
1.707 

8.352 
3093 
2.923 
1.109 

2.951 
1.422 
6.960 

2.578 

2.435 
.924 

2.539 
1.219 

2.213I1.967 
1.067    948 

1.771 
■853 

1.609 

■776 

i.47< 
711 

6"X3r' 

A 

6 
3^ 
6 
3* 

5-966 

2.209 

5.2204.6404.176 
l.933!i7l9ll-546 

3796 
1407 

3.48c 
1.28^ 

7.307 

2.773 

8!826 

4.871 
1.848 

3-653 
1.^86 

2.087 
.792 

1.82711.624 
.693!  -616 

1.461 

-555 

1.328 
-S04 

1.2  if 

.462 

5"X4" 

I 

1 
I 

5 

4 

5 

4 

A 

5 
3 
5 
? 

26.613 
'7653 
12.480 

26.026 

'?•+!? 

10.346 
5-440 

8.871 
5.884 

6.653 
_4i4L3 
3.120 
2.093 
6.506 
?.?6o 

S-323 
3-531 

4-435 
3.942 

3.803 

2.533 

1-783 
1. 196 

3-327 

_2.207 
1.560 
1.046 

2957 
1. 961 

2.661 
1.765 

2.418 
1.605 

2.217 
1.471 

6.240 
4.X86 

13^13 
6.720 

4.160 
2.791 

8.675 
4.480 

2-496 
1.675 

5.205 
2.688 

2.0B0 
1.395 

1.387 
-930 

1.248 

.837 

1.134 
.761 

1.04c 

.697 

5"X3*" 

4-338 
3.240 

1724 

■907 

37»8 
f.920 

1.478 
-777 

3.253 

t.68o 

2.892 
>493 

3.603 
»344 

2.366 
1. 222 

2.i6c 

I.13C 

5-173 
2720 

3.449 
1.813 

3.587 
1.360 

3.069 
1.088 

1.393 
.680 

2.967 
1.160 

1.260 
.500 

1. 149 

1035 
•S44 

.941 

-49* 

.844 

.4<:f 

S"XV' 

H 
A 

23.733 
9.280 

11.867 
4.640 

79" 
3.09? 

5-933 
2.320 

4747 
1.856 

3-955 
1546 

3.390 
1.326 

2.637 
r.oji 

2.373 
.928 

3.IS7 
•843 

1-977 
773 

10.080 
4.000 

19.306 
9120 
8.213 
4.000 

5.040 

9.653 

_4j6o 

4.106 

2.000 

3.360 

i.?3i 

6.433 
3.040 

2.738 
1.333 

2.520 

_IXI0O 

4.827 
2.280 
2.053 

I.OCO 

3.016 

.800 

3.861 

1.824 

1.643 
.800 

1.680 
.666 

1.440 

_^57i 
2758 
1.303 

1.120 
-444 

1.008 
400 

.931 
-363 

.840 

-33' 

4i"X3" 

H 
A 

4i 

IT 

3 

3-217 
1.520 

2-413 
1.140 

2.145 
1.013 

1-931 
.911 

1-755 

.829 

1.685 

.76c 

1.175 

.571 

1.027 
.500 

.913 
■444 

.821 

.400 

.747 
•363 

■684 
-33? 

Stdc  Lckftd  in  Tonn  of  aooo  pounds  uniformly  diftributcd,  for  maximum  filK>r  Btrefts  of  16.000 
pottndfi  per  square  inch.     The  Safe  Load  inchidcr  weight  of  AhkIc.     The  Safe  Ix>od  for  Ansli*-*  c»f 
inter«nrfliate  thfcknew  can  1>e  amumed  as  proixirtional  to  their  area  or  weight. 

Al 


^^^^^^^V          Safe  Loads,  in  Tons,  foe  Unequal  Leg  Angirs                       ^^^^H 
1                                        Amrrican  Bridge  Company  Standards                                     ^^H 

[ 

Sizs  or  Ahclx 

1^ 

Length  or  Spai*  ik  Feet 

X           1 

i 

4 

5 

6          7 

a 

9 

10   1    II    1    ij 

♦"X3i" 

H" 

4 

31 

15-5737787  S-I9I 
12.2676.133  I4.089 

3-893 
3.067 

3.115 

2-453 

2.595  2-*25 
2.04411-752 

1-947 

1-533 

1.730 
1.363 

1.558 
1.227 

1,416  1.298 
I. US  1.022 

taf 

A 

3^ 

67203.360 
5.3332.667 

2.240 
1-778 

1.680 

1-333 

1.067 

1.120 

.889 

.960 
.768 

.840 
.667 

.747 

.672 
■533 

.6191  .560 
4S5    -444 

1 

1 

1 

5 

4"X3" 

« 

4 
3 

»5-3077-653 
8.9604-480 

5.102 
2.987 

3.827 
2.240 

3.061 
1.792 

2.551 
1-493 

2.187 
1.280 

1-913 
1. 120 

1.701 
.995 

':l^ 

1.391 
.814 

'irl^ 

1 

4 
3 

5.333 
3.200 

2.667 
1.600 

1-778 
1.067 

1-333 
.Boo 

1.067 
.640 

.889 

,-';33 

762 
-457 

.667 

-400 

.593 

.355 

•533 
.320 

485 
.297 

^ 

4"X2i" 

r 

A 

M.627 
4.053 

5.813 
2.026 

3.875 
1.351 

2.907 
1. 01 3 

2.325 
.811 

1.938 
.675 

1.661 

-599 

1-453 

.507 

1.291 
.451 

1.163 
-405 

1.057 

.368 

.969 

-338 

1 

4 

2 

7-413 

2.613 

3.707 
1.307 

a^i 

1.853 
.653 

1483 

.523 

1235 

■435 

1.059 

•373 

.927 
■327 
.907 

•253 

.824 
.290 

.806 
.225 

•741 
.261 

■725 
.203 

•501 
.144 

.674 
.237 

•659 
..84 

.618 

.218 

.169 

4"X2" 

1 

7-253 
2.027 

3.627 
1.013 

2.418 
.675 

1.813 
.507 

1.451 
.405 

1.209 

.33a 

IX)36 
.289 

1 

4 

2 

S.013 
1.440 

2.507 
.720 

5-867 
4-400 

1. 67 1 
.480 

1.253 

.360 

1. 003 

.288 

■83s 
.240 

716 
.206 

.627 

.180 

.557 
.160 

456 
IJl 

.418 
.120 

3l"X3" 

II 

3i    ;"733 
3     1  8.800 

3-911 

2.933 

2.933 

2.200 

2.347 
1.760 

'■955 
1.578 

1.676 
1.257 

1.467 

1. 100 

.520 

.387 

1-233 
.660 

1.304 

.978 

1173 
.880 

1.067 
.800 

-978 

.733 

I 

3l 

3 

4.i6o|2.oSo 
3.093  1-547 

1.387 
1.031 

1.040 

_-7Z3 
2.467 
1.320 

.832 
_^ig 

1-973 
1.056 

.693 

1.644 

.880 

-594 

1409 
754 

.462 

.344 

1.096 

.587 

.416 
.309 

.987 

.,^18 

•378 
.281 

.897 
.480 

•344 

.358 

440 

3r'X2}" 

tt 

i! 

9.867 
,-.280 

4-933  .3-289 
2.640  1.760 

i.ooo  1.333 
1.093  1  729 

I 

3* 
2 

IX 

1.000 

•547 

.800 
•437 

.666 

.364 

•571 
.312 

.500 
-273 

444 

•243 

400 

.219 

-364 
■199 

-333 

.182 

3l"X2" 

1 

3i 

2 

C.600' 2.800;  1.867 

2.027  1013!    .675 

1.400 

.507 

1.120 

•405 

.338 
.640 
.231 

■X 

.700 
.253 

.632 

-225 

.560 
.20^ 

•5? 
.184 

■349 
.126 

467 
-i<^ 
.320 
-115 

i 

3i 

z 

3.840 1 1.920 
1.387     .693 

1.280 
.462 

.960 
.347 

.768 
.277 

.548 
.198 

.480 
.173 

427 
.154 

.384 
.149 
.693 

.2«3 

3}"X2" 

A 

3i 

2 

6.933 

2.827 

3.466^2.311 
1.4131  -942 

1.733 
.707 

1.3R6 
.565 

I.IS5 

.471 

•990 

•4<H 

.867 
-353 

.770 
.314 

.630 

.257 

.578 
.235 

I 

3l 

2 

3.360 

1  387 

1.680 
.693 

1.120 

.462 

.840 
346 

.672 
•277 

.560 
.231 

480 
.198 

420   .373 
.173     154 

.336;  .305 
.148    .126 

.280 
.115 

srxii" 

A 

il 

1-507 
■693 

1.253 

•347 

.835 
.331 

.627 
.173 

.501 
.139 

.418 
.115 

.358 
.099 

.087 

.278 
.077 

.351     .338 
.069     .063 

.J09 

^57 

j"XlH" 

A 

if* 

6.240  3.120 
5.547,3773 

2.080 
1.849 

1.560 

1.387 

1.^8 
1.109 

1.040 

.924 

1.040 

.844 

.891 
792 

■693 

.693 
.616 

.6241    .567 

■555    -504 

.462 

3"XaH" 

A 

aii 

6.240^3->20 
^o67|3.533 

2080 
1.689 

1.560 
1.267 

1.248 

1.013 

.891 
•724 

.780 
.63? 

.693 
.563 

.624!  .567 
.507;  461 

.510 
422 

3"X2j" 

A 

6.133 
4.373 

3.067 
2.187 

2.044 
1.458 

1.533 
1.093 

1.227 
-875 

1.022 

.729 

.876 
.625 
.328 
.236 

767 
.547 

.581 

.486 

.613!  .557 
4?  71  -397 

-Sil 
.364 

A 

2\ 

2.293|i.i47 
1.653 1  -827 

.764 
.551 

•573 
413 

459 
.331 

.382 
•275 

.287 
.207 

.255 
.184 

.229    .208 
.165;  .150 

.191 
.138 

Safe  Load  tn  tons  of  aooo  pounds  uniformly  distWbuted,  for  maximum  fiber  strra  of  16,000 
pounds  prr  square  inch.     Tlie  Safe  Load  includes  weight  of  Angle.     Tlu;  Safe  Load  for  Angles  of 
inlcrrncdtate  thickness  can  be  assumed  as  approximatrly  proportional  to  their  area  or  weight. 
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1 
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^^^^ 

^^^H 

^^^H 

^^^H 

^^^1 

^^^H 

■I^H 

■i^B 

^^H 

TABLE  31-— Ctf»/iflM«( 

Safe  Loaixs.  is  Tons,  for  Unequal  Lbg  Akglrs 

American  Bridgb  Company  Standards 


Sub  or  Amglbs 

> 

L^CTH  <tf  Span  in  Parr 

1 

9 

3 

4 

s 

6 

7 

8 

0          10 

II 

1} 

12 
1 

j"Xi" 

J" 

3 

2 

5-3J3 
2.i;o7 

2.667 
1.253 

1.778 
■83^ 

1.333 

.627 

1.067 

.501 

.889 
.418 

.762 
-358 

.667 
.313 

•592 
.278 

•533 
.251 

485 
.228 

•444 
.209 

A 

3 

2 

2.187 
1.067 

1.093 
533 

.729 
-355 

*5f 
,267 

-437 
.213 

.365 
.17B 

.312 
,152 

•a73 
.133 

.M3 
.118 

.219 
,107 

.199 

.097 

.182 
.089 

al"X2" 

1 

2 

3-733 
2-4?3 

1.867 
1.227 

.818 

.933 
.613 

•747 
•491 

.622 
■409 

.533 
•350 

.467 
.307 

-415 

.272 

-373 

.145 

.339 
•223 

.311 
.20^ 

A 

2 

>.S47 

1.067 

•773 
•533 

.515 
•355 

.387 
.267 

•309 
.213 

.258 
.178 

.221 
.152 

.193 
■i?3 

.172 

.118 

•<55 

.107 

.141 

.097 

.129 

.089 

j|"xir 

A 

;i 

1.4S3 
1.280 

I.22J 

.640 

.818 
■427 

.613 
.330 

.491 
-256 

.409 
-213 

-350 
.183 

.307 
.160 

.272 
.143 

•245 
.128 

.223 
.116 

.107 

A 

;1 

1-547 
.800 

.773 
.400 

.515 
.267 

.387 
.200 

.160 

.25B 
-133 

.221 

.193 
.100 

.172 
.0S9 

■.:m, 

.141 

■073 

.129 

.067 

3l"Vil" 

A 

Jl 

i-347 
.907 

1.173 

•453 

.782 
.302 

-587 
.227 

.469 

.181 

.391 
.151 

335 
.129 
.213 

.084 

.293 
.113 

.187 
.073 

.261 
.101 
.166 
.065 

■235 
.091 

.149 
.059 

.213 
.082 
.136 

.053 

■195 
.075 
.124 

.049 

*1     <^»| 

Jl 

»493 

.587 

747 
.293 

.497 

.«95 

-373 
.147 

.299 

.117 

.249 

.09B 

li'-xi}";    A 

Jl 

1.227 
■352 

ill 

.409 

.117 

.307 
.088 

.245 
.070 

.204 
059 

■175 
.o;o 

•153 
.044 

.136 
.039 

.123 
-035 

.III 

.032 

.102 

.029 

2l"Xi5" 

h 

n 

2.880 
1-387 

•1^ 

.960 

.720 
-347 

■576 

.277 

480 
.231 

1;^ 

.360 
.171 

.320 
.154 

.288 
.139 

.262 
.126 

.240 
.115 

A 

:l 

1. 217 
.587 

.613 
-293 

■409 
-195 

•307 
•M7 

.245 
.117 

.204 
.098 

:l^l 

-153 
.078 

.136 
.06s 

.123 

.059 

.III 

.oi;3 

.102 

.049 

i"Xl}" 

1 

2 

1.813 

1.067 

.907 

.347 
.200 

.604 

•355 

.453 

.267 

.363 

.213 

.30a 

.178 

.259 

.151 

^27 
•133 

.201 
.118 

.181 
.107 

.165 

.097 

.151 

.089 

1 

2 

.693 
.400 

.231 

."73 

.lOO 

.139 

.080 

.lU 

.067 

.293 
.151 

.057 

.087 

.0^0 

•077 
•044 

.069 

.040 

-063 
.036 

.os8 
.0J3 

i"Xif" 

i 

2 
ll 

1.760 
.907 

.880 
•4" 

.587 
.302 

.440 

-227 

.352 
.181 

.251 
.129 

.220 
•113 

,195 
.101 

.176 
.09! 

.160 

.082 

.147 

■075 

A 

3 

.960 

.fiOl 

.480 
.251 

.320 
.167 

.240 

.192 

.100 

.160 

x>83 

.137 
.072 

.120 
.063 

.107 
.056 

.096 
.050 

.087 
045 

.080 
.042 

»"xir 

i 

2 
ll 

1.227 

•5'7 

.613 
.a  59 

■409 
.172 

-307 
.129 

•MS 
.10^ 

■^^ 

-<75 

.074 

•153 

.065 

.136 

.057 

.123 

.052 

.111 

•047 

.102 
•043 
.080 
.033 

A 

2 

■  1 

.960 

.400 

.480 
.200 

.320 
."33 

.240 

.100 

.192 

.080 

.160 

■067 

■  137 

.057 

.120 
.050 

.107 
.044 

.096 

.040 

.087 
.036 

Snfr  Ixmil  in  Tons  o(  2,000  pounds  uniformly  distributed,  for  maximum  fiber  Btrras  of  16,000 
pntiniU  prr  cM)uare  inch.     The  Safe  I.o«d  Include*  weifiht  of  Angle.     The  Safe  Load  for  Angles 
of  jntrrmodiatc  tliicknefla  can  be  assumed  as  proportional  to  tlieJr  area  or  wfisht. 
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TABLE  $\.^CoHtini4ed 

Safe  Loads,  in  Tons,  for  Ukequajl  Lbg  Angles 

Aherican  Bridge  CoupA>fi*  Standards 


1 

Ml 

Length  of  Span  in  Frkt 

^\ 

1 

a 

3 

4 

s 

6 

7 

a 

9 

10 

11 

13 

s 

irxii" 

i" 

w 

.960 
.507 

,480 

.253 

.320 
.i6q 

.240 
-127 

.192 
.101 

.160 
^4 

.137 
.072 

.110 1 .107 
.063  .056 

.096 

.051 

.087 

.046 

.080 
.042 

i 

;l 

■SO! 

.277 

,251 
.139 

.167 
.092 

.069 

.100 

•05; 

.083 
.046 

.072 
.040 

•063 1 .056 
■035    031 

.050 
.028 

•045 

.02  S 

.04i 
.023 

irxir 

1 

:i 

.907 
.411 

.453 
.205 

.302 
■U7 

.227 
.103 

.181 

.082 

:il5 

.129 
.059 

,113 
.051 

.101 
.046 

.091 
.041 

^2 
-037 

.075 

.034 

.041 
.019 

i 

:i 

.496 
.229 

.248 
"5 

.076 

.124 

.057 

.099 
.046 

.083 
.038 

.142 

.lOO 

.071 

.033 

.062 
.029 

-055 
■025 

.050 
.023 

•045 
.021 

irxii" 

A 

;l 

.426 

.301 

.284 

.201 

■213 

.151 

.171 

.120 

.122 
.086 

.107 

■075 

.095 
.067 

.060 

.077 

■os; 

.071 
.050 

A 

t 

■533 
.389 

.267 
195 

.178 
.129 

-133 

.097 

.107 
.078 

.089 

.065 

.076 
.056 

.067 
.049 

.059 
.043 

.053 
.039 

.048 
.03  s 

.044 
.032 

irxi" 

i 

i2 

.565 
.315 

.283 
•l?7 

.188 
.105 

.141 

.079 

"3 

.063 

,094 

.0(;2 

,081 
■045 

.071 
■039 

.063 

.035 

.056 

^51 

.029 

.047 
.026 

J 

If 

1 

.304 
.171 

.08; 

.101 

.057 

.076 
.043 

.061 
-034 

.051 
.028 

.044 
.024 

.038 
.021 

-034 
.019 

.030 

.017 

.028  1  .025 
.015  1 J014 

irxr 

A 

■>' 

-432 
.187 

.299 
HP 

.216 
.093 

■X 

.108 
.047 

.086 
.037 
.060 
.02B 

-072 
.031 
.050 
.023 

.062 
.017 

.043 
.020 

■054 
.023 

.037 
.017 

UH8 
.021 

-033 
.015 

■043 

.019 

.030 
.014 

.039 
.017 

.036 
.015 

I 

■.' 

.099 
.046 

.075 

-03«; 

.027 
■013 

.025 
.on 

irxr 

i 

i' 

.251 

.128 

.125 
.064 

.083 
■043 

.063 
.0^2 

.050 
.026 

.041 
■021 
.043 
.024 

.036 
.018 

.031 
.016 

.038 
.014 

.025 
■013 

,023 
.012 

.021 
.oil 

iA"xH" 

A 

■(? 

.256 
.144 

.128 

.072 

.085 
.048 

.036 

.051 
,029 

.036 
.020 

.032 
.018 

.028 
.016 

.026 

.014 

.023 

■Oil 

.031 
.013 

i"Xl" 

A 

1 

.224 
.U3 

.113 

.067 

■075 
.044 

.053 
.030 

.056 
033 
.040 
.023 

•<H5 
.037 

.037 
.022 

.032 
.019 

.028 
.017 

.025 
.015 

.022 
.013 

.030 

.01 2 
.014 

.oofi 

.019 
.oil 

i 

I 
1 

.160 

.091 

.080 

■045 

.032 
.018 

■027 

.015 

.023 
.013 

.020 
.011 

.018 
.010 

.016 
.009 

.013 

.007 

i"X|" 

A 

I 
1 

.319 
.091 

.109 

.073 
.030 

■055 
.023 

.CX44 
.018 

.036 

.01 5 

.031 
013 

.027 

.ott 

.024 
.010 

.012 

.tx>y 

.020 
.008 

^18 

.007 

1 

1 
I 

.064 

.077 
.032 

.051 
.021 

.039 
.016 

.031 
.013 

.026 
-on 

.022 
.009 

.019 

.008 

.017 
.007 

.015 

.006 

:^ 

.013 

r'xi" 

.095 

\ 

.091 
.029 

.045 
.014 

.030 
.010 

.023 
.0C7 

.018 

.006 

.015 
.cos 

.013 
.004 

.011 

.004 

,010 

.003 

.009 
.003 

.ooR 

.003 

.007 
.003 

H"xr' 

A 

V 

.117 

.048 

.059 
.024 

-039 
.016 

.029 
.012 

.023 
.010 

.019 
.008 

.017 
.007 

.015 
.006 

013 
.005 

.012 

.DOS 

.oti 
.004 

.010 

.004 

Safe  I..oad  tn  tnn*(  of  a,ooo  pounds  uniformly  distributed,  for  maximum  fiber  alreas  of  t6,ncH> 
pounds  per  square  inch.     The  Safe  Load  includes  weight  of  Angle.     The  Safe  Load  for  Angles  of 
intcrmedialc  tliickness  can  be  assumed  as  approximately  proporlJonal  to  their  area  or  weiKltt. 
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p 

TABLE  32. 

^ 

L 

Moments  of  Inehtia  of 

Four  Angles  with  Equ 

AL  Legs.  Axis  X-X. 

1 

I 

i 

^r T 

■ 

Moincnu  of  TMftts 

For  PisiAOce* 

ot  Four  Angieir 
Axis  X-X, 

^~ — ^  4 

Measured 

^^^H 

froiD 

^^^H 

Ettual  Leg*. 

J!L...i 

BAckioBmck. 

i 

.|"Xa|" 

rxr 

Thick. 

A" 

1" 

A" 

1" 

A'' 

i" 

Thick. 

t" 

A" 

»" 

A" 

l" 

A" 

1" 

A«»4t» 

3^ 

4.76 

5.88 

6^a 

lU© 

9^ 

Ar«i4[» 

S.76 

7.1B 

8-44 

9.7a 

tSMO 

la-M 

<3.44 

d" 

Moment*  of  loeriim  About  Axi.  X-5( 

.  [n.i 

d" 

MomeotB 

of  Inmia  Abwt  Axis  X-X.  In.* 

p 

17 

22 

17 

3" 

35 

39 

6i 

38 

46 

54 

61 

68 

75 

80 

19 

as 

30 

35 

39 

43 

6i 

42 

SO 

11 

67 

75 

83 

BS 

21 

28 

33 

39 

44 

48 

7 

46 

U. 

73 

82 

89 

96 

^} 

^ 

30 

37 

43 

48 

53 

7\ 

50 

70 

80 

89 

97 

104 

5 

33 

40 

47 

53 

s 

l\ 

54 

65 

76 

86 

96 

106 

""4 

61 

z8 

36 

44 

51 

58 

58 

70 

83 

93 

104 

"14 

123 

7 

3« 

40 

48 

56 

64 

70 

8 

62 

7« 

89 

lOI 

"3 

124 

"33 

7 

5| 

43 

5* 

61 

69 

^ 

8i 

67 

81 

95 

108 

121 

ns 

"43 

7 

36 

46 

57 

66 

75 

83 

l\ 

72 

87 

102 

116 

130 

143 

'f* 

7 

39 

50 

61 

7" 

81 

89 

8J 

77 

94 

no 

125 

"39 

153 

16s 

8 

4a 

54 

66 

77 

87 

96 

9 

82 

too 

117 

133 

"49 

164 

177 

8 

45 

58 

71 

82 

94 

104 

9} 

87 

106 

125 

142 

159 

"75 

189 

8 

48 

62 

76 

88 

101 

111 

^1 

93 

ti3 

134 

"51 

169 

186 

£Ot 

8 

S> 

66 

81 

94 

108 

119 

9t 

99 

120 

141 

161 

180 

198 

214 

9 

54 

71 

87 

101 

US 

127 

10 

105 

127 

ISO 

171 

I9t 

211 

228 

9 

11 

75 

92 

107 

»3 

I3fi 

,oi 
loj 

111 

"35 

158 

181 

202 

223 

241 

9 

So 

98 

"4 

»3> 

145 

117 

"43 

167 

191 

214 

236 

256 

9 

65 

85 

104 

121 

»39 

154 

103 

113 

"51 

»77 

202 

226 

249 

270 

to 

69 

90 

no 

128 

M7 

163 

tl 

130 

II? 

186 

213 

239 

263 

aSs 

lOf 

73 

95 

116 

136 

>5S 

172 

11 

11 

<37 

"96 

224 

251 

277 

300 

loj 

77 

100 

1^3 

143 

164 

182 

»44 

"76 

206 

237 

264 

292 

3  "6 

lol 

81 

106 

130 

t5« 

«73 

192 

11 

ISI 

184 

217 

248 

2/8 

307 

333 

1 1 

85 

112 

137 

"59 

183 

203 

11 

158 

193 

227 

260 

292 

322 

? 

"1 

90 

117 

»44 

168 

192 

214 

Hi 

166 

203 

238 

272 

306 

338 

111 

94 

123 

I5< 

176 

202 

236 

12) 

12} 

174 

212 

250 

^H 

320 

354 

384 

99 

129 

158 

i8s 

212 

181 

222 

261 

298 

335 

370. 

402 

XI 

104 

135 

166 

"94 

221 

147 

13, 

189 

232 

273 

312 

3SO 

387 

420 

, 

u 

109 

142 

174 

203 

233 

259 

13 

198 

242 

285 

32s 

366 

404 

439 

ti 

113 

148 

182 

ai6 

244 

271 

X3 

206 

^P 

297 

339 

382 

422 

45« 

12 

119 

>S5 

190 

222 

25s 

283 

13 

215 

263 

309 

354 

398 

439 

478 

13. 

"4 

162 

198 

232 

266 

296 

M 

224 

274 

322 

368 

4"4 

458 

^98 

«3t 

129 

169 

207 

242 

278 

309 

14I 

233 

'?! 

335 

383 

^K 

*?5 

518 

U 

134 

176 

216 

252 

290 

321 

::l 

242 

296 

348 
362 

399 

% 

496 

539 

J 

13 

140 

183 

m 

263 

302 

336 

251 

307 

414 

5"S 

560 

fl 

H 

146 

191 

234 

273. 

3'4 

350 

15 

261 

319 

376 

430 

484 

53S 

1?" 

H 

>5< 

198 

243 

284 

327 

364 

»s 

170 

33» 

390 

^^ 

502 

"1 

f^ 

<4 

«S7 

206 

253 

295 

339 

378 

J5 

280 

343 

404 

463 

521 

576 

626 

<4 

163 

»<4 

262 

307 

352 

393 

>5 

190 

355 

419 

480 

539 

597 

649 

IS 

169 

222 

272 

318 

366 

408 

16 

300 

368 

434 

496 

559 

618 

£' 

•5} 

175 

230 

282 

330 

379 

43? 

16} 

3" 

381 

449 

514 

578 

640 

697 

'5 
>5t 

iSi 

238 

292 

341 

393 

438 

I6j    321 

394 

464 

53a 

598 

662 

731 

188 

246 

303 

3S4 

407 

454 

l6i   33a 

407 

480 

550 

619 

68s 

745 

M 

nmcnl  lA  Incrlta  of  Ncl  Afca  » 

Tabular  Value  X  Nci  Area 

-i-  Gro8»  Area  (approi.). 

■ 

L 
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TABLE  32,— Continued, 

[OMEVTS   OF    IVERTIA   OF    FOVR   ANGLES    WITH    EqL'AL 


Legs.  .\xis  X-X. 


■ 

IT T 

1 

Moaeats  of  laerm 

For  DiMucts           1 

of   Four  Aa«1c9, 

X X  ^              M-»«.            1 

^^^_              E4b*1  Lf^s. 

i         Bm^ 

to  ftmdk.                            1 

f 

JlL_i 

3V'y3M'' 

TWck. 

A"  l"  /*"  1  i"  1  ft" 

1' 

\l" 

Thick.  1  1" 

A"  1   r 

A" 

1" 

«"  1  »" 

Ar«4l» 

•-36  1  W»  1  *M*|  >5^|  M-tfl 

15.92 

«7.3« 

Are«4L«  9-&a 

'*-4«  i  »3<» 

t«"»8 

*sv 

17.3*    *lv7* 

a" 

UoMCM*  of  iDcrtia  about  Aju*  X-X.  Iii.«. 

d" 

Mommu  of  IdctIm  about  Aaw  X-X,  Ib.*. 

7} 

73 

86 

97 

109 

119 

129 

"39 

20l 

836 

961 

1083 

I20I 

"314 

1426 

I53» 

7l 

7? 

93 

>oS 

118 

129 

140 

150 

20^ 

858 

987 

III2 

"234 

1350 

1466 

:iis 

8 

86 

100 

"»4 

127 

"39 

'5' 

163 

22 
22} 

1026 

1181 

"332 

«477 

1617 

1756 

8 
8 

9» 

108 

122 

<37 

150 

ih 

175 

1052 

1210 

1364 

"5"4 

1657 

1800 

1934 

^ 

116 

W 

"47 

161 

175 

»89 

24i 
Hi 

"237 

1450 

1606 

1782 

1952 

2121 

2279 

8 

106 

124 

141 

"57 

"73 

188 

303 

1265 

1642 

1825 

"997 

2169 

2331 

9, 

"3 

132 

150 

t68 

185 

201 

217 

26t 

1467 

1690 

1907 

2117 

2319 

2521 

3710 

9} 

120 

H' 

161 

180 

198 

215 

232 

26 

1498 

1725 

1946 

2161 

2367 

2573 

2766 

9 

138 

'SO 

171 

192 

211 

129 

247 

28| 

1718 

1979 

2234 
2276 

2480 

2718 

2955 

3178 

9l 

136 

i6c 

182 

204 

224 

244 

263 

28i 

1750 

2016 

2528 

2770 

5011 

3239 

lO 

"44 

169 

«93 

216 

138 

159 

280 

301 

1988 

2291 

2586 

2872 

3  "49 

3424 

36«4 

lOj 

153 

179 

205 

229 

253 

275 

»97 

H 

2023 

233" 

2632 

2923 

3205 

3485 

3750 

loi 

162 

190 

217 

243 

267 

291 

3«S 

^4 

2278 

2625 

2965 

3294 

361 1 

3927 

4227 

loi 

17> 

200 

229 

257 

283 

308 

333 

321 

231S 

2669 

3014 

3348 

3671 

3993 

4297 

tl 

180 

211 

HI 

271 

299 

325 

352 

!il 

2588  2983 

3370 

3744 

4106 

4466 

4807 

II} 

189 

223 

254 

28s 

3>5 

343 

37" 

2628  3030 

3422 

3802 

4170 

4535 

4883 

iii 

199 

234 

268 

301 

332 

362 

39" 

a 

2917  3364 

3800 

4223 

4632 

i<^9 

5426 

ao9 

246 

281 

316 

349 

380 

4«" 

2960  34<3 

3856 

4285 

4700 

5'<3 

5505 

12 

220 

258 

295 

332 

366 

400 

432 

38J 

3267  3768 

4257 

473" 

5190 

5646 

6081 

:>l 

230 

271 

310 

348 

385 

4«9 

453 

3312  3820 

4316 

4797 

5262 

5725 

6166 

241 

284 

32s 

365 

403 

440 

475 

40I 

3636  4"94 

4740 

5268 

5780 

6289 

6774 

ui 

152 

297 

340 

382 

422 

460 

498 

40i 

3684  4249 

4802 

5337 

5856 

637a 

6864 

13 

364 

310 

355 

399 

44" 

482 

52" 

42i 

4C«5'4^ 

5248 

5834 

6401 

6966 

750s 

I3i 

175 

324 

371 

4<7 

461 

503 

m 

42i 

4075  1 4702 

53  "4 

5907 

6481 

7053 

7599 

'^1 

187 

338 

387 

435 

481 

525 

44i 

4434  ;5"7 

5783 

6429 

7055 

7678 

8273 

»ji 

299 

353 

404 

454 

502 

S4« 

594 

4487,5*77 

5852 

6505 

7"39 

7769 

8372 

H 

3>2 

368 
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^     Moments  of  Inertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X. 

m 

nir" -f 

1 

Momenu  of  Inert*                             ! 

For  DiMAiicM 

of  Four  Ami...               X                        X     ■ 

Axrt  X-X,                    ■   ■  a 

Mcuurvd 

^^^1 

from 

Eqiul  LecB.                             ! 

Back  to  Bmck. 

• 

J1L...1 

Sii«. 

4"  X  4'' 

Thick. 

A' 

1" 

"-44 

^^' 

r 

A" 

1' 

Thiii.  1" 

ft" 

4" 

ft"    1" 

tr 

t" 

A:rea4t* 

9.60 

»3.»4 

15.00 

i6.7» 

18-44 

Araa4tt 

ti.44 

n-M 

ts-oo 

16.73 

■8.44  1 

ao.ix 

ai.76 

d" 

8i 

Mooinira  of  IncrUa  About  A<i»  X-X.  lo.*.  | 

d" 

Motncnb  of  loeriia  About  Axis  X-X.  In.*.      | 

lOQ 

138 

146 

164 

179 

195 

24l 

1398 

1612 

1819 

3016 

2215 

2408 

2595 

8i 

117 

«37 

»57 

176 

192 

209 

J^i 

1430 

1648 

i860 

3062 

2267 

2463 

3656 

9 

135 

146 

168 

188 

305 

234 

1661 

1915 

3163 

2398 

3636 

3866 

3089 

' 

131 

1561 

«79 

300 

219 

239 

261 

1695 

<955 

3208 

2448 

2691 

2936 

3155 

141 

166 

191 

313 

234 

255 

38: 

1946 

2245 

3536 

2813 

3093 

3364 

3627 

9l 

150 

177 

203 

227 

349 

273 

28i 

1984 

2389 

2585 

2868 

3154 

3429 

3697 

to 

159 

188 

315 

w 

265 

189 

30J 

2255 

2602 

2939 

3263 

3587 

3902 

4208 

loi 

169 

199 

238 

356 

281 

306 

3oi 

3395 

3648 

399* 

3320 

3652 

3972 

4283 

lOJ 

179 

31t 

341 

371 

297 

325 

3*: 

3586 

2985 

3373 

3744 

4II8 

4481 

4833 

lol 

189 

333 

ns 

386 

J'S 

343 

3*! 

3629 

3035 

34*9 

3807 

4188 

4556 

49>4 

l] 

199 

335 

369 

303 

332 

363 

34 

3941 

3395 

3836 

4259 

4686 

5099 

5501 

::l 

310 

148 

384 

519 

350 

383 

i£ 

39S6 

3448 

3896 

43*6 

4760 

5179 

5587 

321 

261 

399 

336 

369 

403 

33>8 

3831 

4329 

4808 

5290 

5758 

6312 

Hi 

333 

374 

3»4 

353 

3S8 

414 

36^ 

3367 

3887 

4393 

4879 

5369 

5843 

6304 

13 

Hi 

288 

3JO 

371 

408 

446 

38 

3718 

4*93 

4853 

5391 

593* 

6457 

6968 

13 

^55 

J03 

546 

389 

4*8 

468 

38 

3769I  4353 

4920 

5466 

6016 

6548 

7065 

13 

267 

316 

363 

408 

449 

49' 

40 

4»4i 

4782 

5406 

6007 

6610 

7197 

7767 

13 

380 

331 

380 

4*7 

471 

515 

40 

4195 

4845 

5477 

6086 

6699 

7*92 

7869 

<3 

193 

346 

397 

447 

492 

539 

42 

: 

4587 

5297 

5989 

6656 

73*5 

7976 

86og 

13 

306 

363 

415 

467 

515 

563 

4* 

■ 

4644I  5364 

6064 

6739 

7418 

8077 

8717 

^ 

13 

319   377 

434 

488 

538 

5S8 

44 

5=>55  5839 

6603 

7338 

8078 

8796 

^ 

■ 

»3 

333   394 

4Sa 

509 

S6i 

614 

44 

5"5  5909 

,  6681 

7436 

8175 

8902 

^ 

14 

347  410 

471 

530 

58S 

641 

46 

\ 

5547  6408 

7346 

8055 

8867 

9656 

10434 

1 

M 

361  ,  417 

491 

55» 

609 

667 

46 

i 

5610  6481 

73*9 

8146 

8969 

9767 

10543 

1 

U 

376,  444 
390   46a 

5" 

575 

634 

69s 

48 

: 

6o6i  7003 

7919 

8804 

9693 

»0S57 

"397 

1 

J+ 

SJi 

598 

fi^ 

7*3 

48 

! 

6127  7079 

8006 

8900 

9799 

10673 

11522 

1 

IS 

406  480 

55* 

62 1 

686 

752 

50 

I 

6599  7624 

8623 

9587 

10555 

"497 

12413 

1 

15} 

431  1  499 

573 

645 

71J 

781 

50} 

66^7  7703 

8713 

9687 

10667 

1161S 

12544 

1 

15 
'5 

437 1  5»7 

595 

670 

740 

810 

5*1 

7159,  827a 

.  9356 

10404 

("455 

12478 
13604 

"3473 
13609 

^m 

453 

536 

617 

695 

767 

841 

723 '1  8355 

,  9450 

10508 

11571 

V 

s6 

469 

556 

6j9 

720 

795 

873 

54i   774*'  894<J 

[0119 

11353 

12392 

13499 

14577 

16 

486 

576 

662 

746 

834 

903 

54I 

7816  9032 

10317 

11363 

1151* 

13630 

1471 8 

16 

505 

596 

68s 

772 

853 

935 

5^1 
564 

8348  9647 

I09I3 

1*137 

1336s 

14561 

157*4 

16 

530  616 

709 

79"; 

883 

968 

8435  973*5 

11014 

12250 

13490 

14696 

15870 

18 

611   734 

834 

939 

IOJ9 

1141 

58J 

897710374 

11736 

13054 

14375 

15662 

16914 
17066 

IB    630  j  747 

8--0 

9'9 

10;  3 

1 176 

m  ,  9057 10467 

1184] 

13170 

14505 

15803 

p 

t8   1  619  770 
18   1  6Z9!  793 

886 

999 

1 105 

I3I3 

6ot      9629 1112S 

12589 

14004 

15423 

16804 

18148 

9«3 

1030 

1138 

1350 

6oi   97^211234 

13698 

14<25 

15557 

16950 

18306 

ao 

793   941 

1084 

1323 

«353 

i486 

63!  1 10303  1190^ 
621  103H9 12007 

13473 

14987 

16507 

17986 

19426 

ao 

835   967  1114 

1256 

1391 

1517 

13585 

15x3 

16646 

18137 

19589 

aa 

■ 

976  "5«  1335 

1506 

l/W^R 

1832 

64I  iiooi  12715 

64I  11089 I28I7 

; 14386 

16004 

17628 

19308 

30747 

"1 

|ioio  1187]  1369 

1543 

1710 

1879 

|i4Soa 

16134 

>777l 

19364 

3091s 

H 

Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  A 

rca  4-  Groes  Area  (appfox.). 

1 

67 

2 

^^H 

^^ 

TABLE  32. 

—  Continued. 

1 

^ 

Moments 

OF  Inertia 

OF  Four  Angles  with  Equal  Legs,  Axis  X-X.        1 

^^ •[ 

Momenu  of  Inertia 

t               For  DiMmocci             ■ 

o(  Four  Anslcs 

X                    X     L              Mtutiraa             1  ■ 

AxitX 

-X, 

tf                  froB                 ■ 

Equal  Legt- 

Back  to  flKk.                                M 

J]L....i                           1 

Sue. 

5"  X  5"                                          1 

Thick, 

1" 

A" 

1" 

A" 

r 

Thick. 

V 

A" 

J" 

A" 

r      H" 

r    1 

ci" 

'4  M 

i6.7» 

19-00 

ai.34 

*3'44 

Atc3.i,iW 

"4^4 

16.7^2 

19.00    JS.  24  1 

»344    »S&» 

•7.7*    1 

Momenu  of  leer 

liaAbou 

tAxUX- 

-X7ln7*. 

d" 

Momeoti  of  Incnla  Abom  Axis  X-X.  InA       |  | 

281 

2377 

2743 

3107 

3457 

3803 

4139 

4474 

38J 

2423 

2797 

3168 

3524 

3877 

4320 

4563 

lOi 

^ 

187 

322 

355 

387 

50 

30 

2759 

3185 

3608 

4016 

4419 

4811 

5201 

lol 

303 

341 

375 

410 

2809 

3243 

3674 

4089 

4499 

4899 

5396 

11 

»79 

320 

360 

396 

433 

325 

3170 

3660 

4148 

*!l5 

SO82 

hH 

5984 

6^ 

III 

294 

337 

379 

418 

457 

32J 

3224 

3722 

4318 

4696 

5168 

5628 

'^t 

309 

3S5 

400 

% 

482 

H\ 

3610 

4169 

4725 

5262 

5792 

6309 

6823 

■a 

3  IS 

373 

420 

507 

34J 

3667 

4=35 

4800 

5345 

5884 

6409 

6932 

13 

342 

392 

442 

488 

533 

36 

4079 

4712 

5341 

5949 

6549 

7134 

7717 

l4 

359 

412 

:^^ 

512 

560 

36 

4140 

4782 

5420 

6037 

6646 

7341 

7833 

12i 

376 

432 

537 

588 

38 
38 

4577 

5287 

5994 

6678 

73  S2 

801 1 

8667 

lii 

394 

452 

510 

563 

616 

4641 

5361 

6078 

6773 

7456 

8124 

8789 

»3. 

4" 

473 

533 

n 

645 

40l 

5103 

5896 

6686 

7449 

8203 

8959 

9673 

'3t 

43' 

495 

SS8 

675 

403 

5171 

S975 

6775 

7549 

8313 

9059 

9803 

*^! 

450 

5'7 

583 

644 

705 

42J 

5659 

6539 

741S 

8364 

9100 

9918 

10755 
10869 

ui 

469 

540 

608 

673 

737 

42I 

5730 

6632 

7509 

8368 

9216 

10044 

14 

489 

563 

634 

702 

769 

4+i 

6243 

7215 

8182 

9120 

I0O45 

10949 

11849 

•*t 

510 

586 

661 

731 

801 

+4i 

6318 

7302 

8281 

9230 

10166 

iio8t 

11992 

Hi 

531 

610 

639 

762 

835 

46i 

6857 

7924 

8988 

10019 

11056 

12030 

13021 

552 

63s 

717 

793 

869 

46i 

6935 

8015 

9091 

10135 

11163 

13169 

I3171 

IS 

P 

660 

745 

825 

904 

+8 

7499 

8667 

9831 

10961 

12074 

1 3 163 

MM 

IS 
IS 

686 

774 

8S7 

939 

48 

7581 

8762 

9939 

1108 1 

13307 

13308 

14405 

619 

712 

804 

890 

976 

SO 

8170 

9443 

10713 

n94S 

13159 

14347 

15531 

15695 

IS 

642 

739 

834 

924 

toi3 

504 

8256 

9543 

10835 

12071 

13298 

14499 

|6 

666 

766 

865 

958 

105 1 

52I 

8870 

10253 

11632 

12971 

14391 

15582 

16869 

^^^B 

'!! 

690 

794 

897 

993 

1080 

541 

8959 

10357 

11750 

13103 

14436 

15740 

17040 

^^^p 

'5l 

715 

812 

929 

1029 

1129 

9598 

11096 

12589 

14040 

15470 
1563 1 

16869 

18263 

r 

161 

739 

851 

961 

1065 

1 169 

54) 

9692 

11204 

12712 

14177 

17033 

18441 

1 

iS 

871 

1003 

1134 

"57 

1380 

'^ 

10356 

11973 

13585 

i5"5» 

16696 

18206 

19711 

18} 

899 

1035 

1170 

1298 

1424 

10453 

12085 

13712 

15294 

i68;2 

|8J77 

19897 

K 

isi 
isi 

927 

1068 

1207 

1339 

1469 

SH 

11143 

12883 

14618 

16306 

17968 

19595 

21217 

k 

956 

1 101 

1244 

1380 

IS'S 

sn 

11243 

12999 

14750 

16453 

16131 

19772 

31409 

H 

30| 

1137 

1 3 10 

1481 

1645 

1806 

6oi 

1 1958 

13827 

15690 

17502 

19288 

21035 

22777 

32{ 

1169 

1347 

1523 

1691 

|8S7 

604  i 12062 

13947 

15836 

17655 

19456 

2I2I9 

22976 

I 

1403 

1618 

1831 

2034 

3235 

6z\ 

12802 

14804 

16799 

18741 

20654 

33536 

34393 

I 

22| 

1439 

1659 

1877 

208s 

2292 

62^ 

12910 

14928 

16940 

18899 

20S28 

22716 

i4S99 

1 

26 

1699 

i960 

2218 

2466 

2710 

64 

13676 

15814 

17946 

20023 

23067 

34069 

26065 

1738 

200$ 

2269 

2523 

2773 

% 

13787 

15943 

18093 

S0186 

33247 

H265 

26278 

■ 

J013 

2335 

2644 

2940 

3233 

14578 

i68s8 

19132 

21347 

23527 

25662 

27792 

1 

J066 

2384 

2700 

3002 

3302 

66 

14693 

16991 

19283 

21515 

33713 

35865 

2toU 

M 

omcnt  of  fn^^r 

lia  of  1 

^ct  Arc 

a  =Ta 

bulaf  Value  X  Net  Area  -i-  Gross  Area  fapprox.).        |  f 

k 

■ 

68                             J 

1 

■ 

TABLE  S2,—  CQniinued, 

■ 

^ 

I 

^^OMEVTS  OF 

IVERTLA  OF  FoiR  ANGLES  wnTH  EqUAL  LeGS 

.  Axis 

X-X 

n 

^^ T 

d 

Momnti  of  Inertia 

Par  Disia 

ices 

Q*"  Foot  Aiitflo, 

A*i»  X-X. 

^  -          -^     A 

[ 

Measure  rl 
fnjtn 

m 

t 

EqaidLeg.. 

Itacli  to  B 

kck. 

^1 

J\K       I 

p 

■ 

Site. 

6"X<" 

Thick- 

1" 

A" 

4" 

iV 

1" 

14" 

i" 

ir 

I" 

W" 

I" 

Af«4t» 

«7-44 

30^ 

»3J» 

*S.7» 

^ 

31.H 

33.7« 

36,36 

38^ 

41-48 

44-0O 

d" 

MMoent. 

of  Inertia  Aboot  Axis  X-X  fat  Vmntm» 

D^stKncc* 

Back  to  llBclc  of  Ancles.  In.«. 

12 

♦3J 

tVs 

5? 

618 

678 

735 

787 

840 

891 

942 

990 

14 

586 

762 

842 

924 

1004 

1046 

1077 

II5I 

1223 

1293 

1362 

610 

703 

793 

878 

963 

1123 

1300 

1375 

1349 

1421 

i6 

I6 

795 

,  917 

1035 

"47 

1260 

1370 

1472 

1575 

1675 

1773 

1869 

834 

9S0 

1072 

1788 

1306 

1420 

1526 

1633 

1737 

1839 

1938 

1 

IBJ 

1039 

1199 

1354 

IS02 

1652 

1797 

1934 

2071 

2205 

2336 

2464 

i8 

1072 

1237 

1398 

>55" 

1705 

1855 

1996 

2138 

2276 

2412 

2545 

20 

1317 

1521 

1720 

1910 

2101 

2288 

2464 

2640 

2813 

2983 

3147 

lOJ 

U54 

I5f)4 

1769 

"964 

2161 

2353 

2535 

2716 

2894 

3069 

3239 

22 

■ 

1631 

1884 

2131 

2368 

2607 

2840 

3061 

3282 

3497 

37" 

3919 

23 

1672 

1932 

3186 

2429 

2674 

2913 

J 140 

3367 

3589 

3808 

4021 

24 

■ 

1979 

2187 

2589 

2878 

3170 

3455 

3726 

3996 

4261 

4523 

4778 

24 

2025 

2341 

3649 

2946 

3244 

3536 

3813 

4091 

4362 

4630 

4892 

26) 

2362 

2731 

3092 

3440 

3789 

4"3i 

4458 

4784 

SI02 

5417 

5725 

^^ 

2412 

2790 

3>S9 

3513 

3871 

4220 

4554 

4887 

5212 

5535 

5850 

^^H 

2S) 
2Si 

2780 

3316 

3642 

4053 

4466 

4871 

5258 

5644 

6031 

6395 

6761 

^^H 

2835 

3279 

3714 

4«33 

4555 

4967 

5362 

5756 

6141 

6523 

6896 

'■ 

30 

3233 

3740 

4237 

4717 

5200 

5672 

6125 

6576 

7017 

7456 

7884 

30 

3292 

3809 

43»5 

4804 

5295 

5776 

6338 

6698 

7»47 

7594 

8031 

^^H 

3^ 

3721 

4306 

4H79 

5433 

5990 

6535 

7060 

7581 

R092 

8599 

9095 

^^H 

32 

3784 

4379 

4962 

5526 

6o<J3 

6648 

7181 

7712 

8232 

8748 

9253 

"t 

4243 

49U 

5566 

6200 

6837 

7461 

8063 

8660 

9244 

9826 

10395 

43" 

4990 

5655 

6299 

6947 

7581 

8192 

8799 

9394 

9985 

10563 

A 

4801 

5558 

6300 

7019 

7741 

8449 

9132 

9810 

10175 
10634 

11135 

11782 

36j 

4873 

5641 

6395 

7125 

7858 

8577 

9270 

9959 

11305 

11962 

38 

S393 

6344 

7079 

7889 

8703 

9500 

10269 

"034 

"783 

13538 

13257 

38 

5470 

6333 

7180 

8001 

8826 

963  s 

10416 

1119:! 

11952 

13708 

134*8 

¥> 

6021 

6972 

7905 

8810 

9720 

10612 

"474 
11639 

12330 

13169 

14003 

14831 

4ol 

6102 

7065 

8011 

8919 

9851 

10756 

J  2497 

13347 

14194 

15032 

, 

4a 

^A 

7739 

8776 

9783 

1079s 

"787 

12747 

13699 

14632' 

15562 

^^V 

42 

6768 

7838 

8888 

9909 

10933 

11938 

12910 

13875 

14821 

15763 

16685 

1 

44 

7390 

8548 

9694 

10808 

11926 

13024 

14087 

15141 

16174 

17203 

18211 

1 

44 

7470 

8651 

9112 

10939 

12072 

13183 

"4259 

15326 

16372 

17414 

18435 

46 

8112 

9396 

10657 

11884 

»3"S 

14323 

15494 

16655 

17794 

18937 

20039 

46 

8206 

9505 

10781 

12022 

13268 

»4490 

15675 

16850 

18001 

19149 

20273 

48 

8879 

1028$ 

11667 

13011 

14360 

15685 

16969 

18242 

19491 

20735 

21954 

4« 

B977 

10399 

11796 

'3155 

14520 

15859 

17158 

1H446 

19709 

20966 

333O0 

1 

SoJ 

9681 

It2t5 

12722 

14 190 

15663 

17108 

18511 

19902 

2x266 

22625 

23957 

50} 

9783 

"334 

12857 

M34< 

15829 

17291 

18709 

20115 

21493 

33867 

24214 

5^f 

10517 

12185 

1382} 

15420 

17022 

18594 

20I2I 

IZ 

23 119 

24598 

26O49 

\ 

SI* 

10624 

12309 

13964 

M577 

"7196 

18785 

20327 

»33S6 

H850 

26316 

3 
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00 
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Arc*  (a 

pproi.). 
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^^H^V           TABLE  $2.~ Continued.                                                        ^^| 

Moments  of  1nert[a  of  F 

OUR  Angles  vtith   Eqcal  Legs,  Axis  X-X.        T 

^r T                    1 

Mrtfoenu  of  TnerOft 

Tor   DIuancc*             M 

of  Four  Aniilc*, 
AxU  X-X. 

X                      X    ^ 

Mcwirrd               iH 

a                                              from                 fiH 

EqUdI  l-*pi. 

Buk  to  BMk.           §m 

JL i                 11 

sue. 

£"  X  e."                           1 

rhick. 

1" 

/•" 

»"    A" 

1" 

H"    1" 

ii"   1   1"   1  il" 

'"     1 

AtcahLs 

'7-44  1   ».»4 

a^M          957a 

.«.« 

31-13   33.76 

36.36   1   38.93   1   4I.4» 

—    1 

.1" 

MomenU  oT  In«tui  mbout  Axis  X-X.  foe  Varioiu  Dutonca  Back  to  Back  of  AngUts.  ln.«.          |  | 
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11389 

13196 

14971 

16701 

18438 

20143 

21799 

23440 

25050 

26654 

3S228 

54 

1 1  500 

13325 

15118 

16865 

18619 

20341 

22013 

23671 

25297 

26917 

28507 

56 

13295 

14247 

16164 

18034 

19911 

21753 

23544 

25318 

27058 

28793 

30495 

56 

I24II 

14381 

16317 

IB2O5 

20099 

21959 

23767 

25558 

27315 

29066 

3078S 

58i 

13236 

15338 

17404 

19419 

21440 

23426 

25357 

27269 

2914s 

3101S 

32851 

1?} 

13356 

15478 

17562 

19596 

21636 

23639 

25588 

27518 

2941 1 

31299 

3315* 

a 

14212 

16470 

18689 

20855 

23027 

25161 

27237 

29292 

31309 

33321 

35294 

14337 

16615 

18853 

21038 

33230 

25382 

27476 

29550 

31585 

33614 

35605 

6z\ 

15223 

17643 

20021 

22342 

24671 

26958 

29184 

31388 

3355' 

35709 

37825 

i>li 

»S352 

17792 

20191 

22532 

24880 

27187 

29432 

31655 

33837 

36013 

38148 

64J 

16269 

18856 

21398 

23881 

26371 

28817 

31199 

33557 

35872 

38179 

4<H4S 

64» 

16402 

19010 

21574 

24077 

26588 

29054 

31456 

33833 

36167 

38494 

40778 

il 

17350 

20109 

22822 

25471 

28128 

30739 

33282 

35799 

38269 

40733 

43«52 

17488 

20269 

23003 

2:;673 

28352 

30984 

33547 

36084 

38575 

41058 

43496 

68} 
68} 

18466 

21403 

24291 

27113 

29943 

32723 

35432 

38113 

40745 

43370 

45947 

18608 

21568 

24478 

27322 

30173 

32975 

35706 

38407 

41060 

43706 

46303 

70 
70 

19616 

22738 

25807 

28806 

31814 

34769 

37650 

40500 

43299 

46090 

48830 

19762 

22907 

25999 

29022 

32052 

35029 

37932 

40803 

43623 

46436 

49197 

72 
72 

20801 

24113 

27368 

30551 

33742 

36877 

39935 

42960 

45930 

48893 

51802 

20952 

24287 

27567 

30773 

33987 

37145 

40225 

43272 

46264 

49249 

52179 

lit 

22177 

25708 

39180 

32575 

35979 

39324 

42587 

45814 

48983 

5214s 

55250 

76 

23436 

27169 

30839 

34429 

38027 

41564 

45015 

48428 

51780 

55124 

61654 

78I 

2473 » 

28670 

32544 

3633  + 

40133 

43867 

475»2 

51115 

54655 

58186 

8o| 

26060 

30212 

34295 

38291 

42296 

4623a 

50075 

53875 

57607 

61331 

64989 

^:i 

27424 

31794 

36093 

40299 

+45>5 

48660 

52707 

56707 

60638 

64559 

68411 

28823 

33417 

37936 

42359 

46792 

51149 

55405 

59612 

63746 

67870 

71921 

86| 

30257 

35080 

39825 

44470 

49125 

53701 

58172 

62590 

66932 

71264 

7S520 

88i 

3x726 

36784 

41760 

46633 

5iS<5 

56315 

61005 

65641 

70196 

74741 

79206 

90I 

33230 

J8528 

43742 

48847 

53962 

58992 

63907 

68764 

73537 

78301 

82980 

9^ 

94} 

34768 
36341 

40313 

45769 

51112 

56466 

61730 

66876 

71960 

76957 

81943 

8f^43 

42138 

47842 

49961 

53429 

59026 

64531 

69912 

75229 

80454 

85669 

90793 

96J 

37950 

44004 

55797 

61644 

67394 

73016 

78571 

84029 

89478 

94831 

981 

39S93 

45910 

52126 

58217 

64319 

70319 

76187 

81985 

87682 

93369 

98958 

ioo| 

41271 

47857 

54338 

60689 

67050 

73307 

79426 

85472 

91413 

97344 

103172 

102  J 

42984 

49844 

56595 

63211 

69838 

76357 

82733 

89031 

95222 

101401 

107474 

104J 

44731 

51872 

58898 

65785 

7268J 

79469 

86107 

92664 

99109 

105542 

1 1 1865 

106I 

46515 

53940 

61247 

68411 

75585 

82643 

89548 

96369 

103074 

109765 

116343 

108) 

48332 

56049 

63643 

710S8 

78544 

85879 

93057 

100147 

107 1 16 

114072 

120909 

itoj 

112) 

50185 

58198 

66084 

73817 

81560 

89178 

96634 

103997 

111236 

1 18461 

125563 

52072 

60387 

68571 

76597 

84633 

92539 

100278 

107920 

"5434 

122934  1 

130306 

Mc 
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TABLE  32,-— Continued. 
Moments  of  Ineriui  OV  Four  Angles  with  K^ial  I-hgs,  Axis  X-X. 


Motnenn  of  Inertlft 

of  Four  Aneles. 
AxJi  X-X. 


IT' 


JUL 


Vtir  ZMstaBMB 


from 
Back  lo  Badi. 


SIm. 


Thick. 


Area  4[s 


8"  X  8' 


i" 


iijoo 


A" 


34-7» 


3«^4 


43.J3 


4S-7« 


49-36 


5M.^ 


ir 


56^" 


60.CU 


>A' 


6348 


A6.^a 


I6J 

isi 

|8| 

20I 

20j 
2Z| 

34 

26i 

26i 
28i 

28J 

3o5 
30 

3aJ 

34* 

34i 

^^ 

38I 
3fl 
40 
40 

♦'J 
42 

44 

44 

46J 

46J 
48S 
48i 

50) 
50} 
52} 

S2| 

5+} 
54} 

561 


MoncDU  of  InerUs  About  Axit  X-X  for  Various  Disiancco  Back  to  Back  of  Aiici>e».  In.*. 


1333 

1483 

1631 

1775 

1910 

I68& 

1877 

2065 

2249 

H23 

1740 

1937 

2132 

2322 

2502 

2146 

2391 

2634 

2871 

3095 

2208 

2461 

1710 

2954 

3186 

2669 

2976 

3279 

3576 

3859 

2739 

3054 

3365 

3670 

3961 

3254 

3630 

4001 

4366 

4828 

3332 

3716 

4097 

4^71 

3901 

4353 

4801 

5240 

5661 

3987 

4448 

4906 

5355 

5786 

4610 

5145 

5677 

6198 

6699 

4703 

5249 

5792 

6324 

6835 

5381 

6008 

6630 

7241 

7829 

;48i 

6120 

6754 

7377 

7977 

6214 

6939 

7659 

B367 

9050 

6323 

7060 

7794 

8514 

9209 

7109 

7940 

8766 

9578 

10363 

7225 

8070 

8910 

9736 

IOS34 

8066 

9010 

9950 

10873 

1 1768 

B190 

9149 

10103 

11041 

11950 

9085 

10150 

11210 

12253 

13264 

9217 

10298 

11373 

12431 

13457 

10166 

11360 

12547 

14717 

1 485 1 

10306 

11516 

12710 

13905 

15056 

1 1309 

12638 

13961 

15264 

16530 

1 1456 

12803 

14144 

:^*7 

16746 

12514 

13987 

15453 

18300 

12669 

14160 

1564s 

I7I07 

18518 

13781 

15404 

17021 

I86I3 

20162 

»3944 

15586 

17221 

18833 

30401 

15110 

16891 

18666 

20114 

20645 

23 116 

15280 

17082 

18877 

22366 

16501 

18448 

20387 

22299 

24161 

16679 

18647 

Z060R 

22540 

24423 
16297 

«7954 

20074 

21186 

24268 

18140 

20382 

22416 

24520 

26571 

19469 
19663 
31Q46 

11769 

21986 
23534 

24061 
24301 
26014 

26321 

26584 
28459 

18810 
30845 

21247 

23759 

26263 

28732 

31141 

2046 

2598 
2683 
3321 
3419 

4'43 
4253 
5064 
5186 

6083 
6217 
7201 
7348 
8418 
8577 
9733 
9904 

11147 
"331 
12660 

12856 

14272 
14480 
15982 
36203 

1 7791 
18024 
19699 
19944 
11705 
21963 
23811 
24081 

26014 
16291 

18317 
18613 

3071R 
31036 

33219 
33538 


2179 

3769 
2860 
3542 

3646 

2310 

2937 
3034 
3760 

3871 

1430 

3094 
3196 
3964 
4082 

2554 
3254 

3361 

4296 

4421 

4538 
5406 
5536 

4696 

4821 
5745 
5884 

4955 
6213 

5218 
6546 

6497 
6640 

7693 
7850 

6907 
7060 
8182 
8349 

7296 

8824 

7690 
7861 
9116 
9303 

8996 

9166 
10404 

10587 

9569 

975 » 

11070 

11266 

10117 
103 10 
11708 
11915 

10669 
10872 
12350 
12569 

1 1918 
I21I4 

13538 
13748 

12684 
12893 
14410 
14634 

13419 
13641 
15249 
15486 

14157 
14392 
16091 

16342 

15263 
15487 
17095 
1733 « 

16250 
16488 
18202 
18454 

17200 

17452 
19170 
19538 

18152 
18419 
20340 
20623 

19032 

19282 
31076 

21338 

20268 

20534 
32446 
22726 

21461 

21743 
23772 
24069 

22656 

22954 
25098 
25412 

23225 
23501 
25480 
25769 

24738 

25032 
27141 
27450 

36202 

26514 

28753 
29080 

27667 
27997 
30363 
30709 

17840 
28143 
30307 
30613 

29659 
29982 
32290 
32626 

31766 

34214 

34571 

33186 
33548 
36136 
36513 

32879 
33208 
35578 
35900 

35033 
35384 
37889 
38254 

37125 
37497 
40155 
40542 

39213 

39606 
42416 
43826 

34921 
35301 
38028 

38426 

41269 
41684 

44644 
4507s 
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TABLE  32.— Continued.                                      ^^^^^H 

Moments  of  Ixertia  of  Four  Angles  with  Equal  Legs,  Axis  X-X".  ^^^^^| 
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^ 

MomcDU  of  Inertia                                         For  Obtjuicca              | 

oT  Four  Ancles.              A"          X     !                  Meaaored                fl 

A.^i*X-X.                  ■     '     d                  from                 ■ 

Equal  Lc^ft.                                               Back  to  B«ck.              '■ 

1 

JL._..i                            1 

S.xe. 

vxv                                                          1 

ThicV. 

r 

A" 

r 

H" 

1" 

il"     1" 

4r 

1" 

«A^ 

>r      1 

31.00 

31-7» 

38.44 

4a.  r  a 

4576 

49-36    5^-9' 

S6-4« 

60JDD 

63.48 

**^     1 

d" 

Momenu  of  Inertia  About  Asti  X-X  for  VaKous  DiuMcet  Back  to  Back  of  Ancks.  InA        |  | 

581 

S8| 

22685 

22894 
24386 
24603 

25368 
35602 
27272 

275*5 

28043 

28302 

30149 
30418 

30680 
30964 
32986 

33281 

33256 
33564 
35759 
36078 

35817 
36J49 
38515 
38859 

38342 
38697 
41232 
41600 

40858 

41237 
43940 

44333 

43306 
43708 
46576 
46994 

45747 
46172 
49205 
49646 

48151 
48601 

5 1795 
52260 

a 
31 

26149 
26376 

27974 
28206 

29245 
29497 
31288 
31548 

32332 
32610 

34592 

34880 

35377 
35681 

37851 
38167 

38353 
38683 
41038 
41381 

413II 
41668 
44206 

44575 

44228 
44609 
47329 
47724 

47135 
47543 
50443 

S0865 

49967 

50399 
53478 
53925 

52789 
53247 
56501 

56974 

55571 
56053 
59481 
59980 

66 
66 

68 
68 

29861 
3OIOI 
31810 
32058 

11"^ 

35581 
35859 

36929 
37226 
39342 
39650 

40410 
40736 
43053 
43389 

43816 
44x69 
46684 

47049 

47200 
4758" 
S0292 
50686 

50537 
5094s 
53850 
54272 

53864 
54300 

57398 

57848 

57108 
57570 
60859 
61336 

64305 
64810 

63525 
64040 

67703 
68235 

70 
70 
7i 
72 

33821 
34076 
35894 
36157 

37832 
38118 
40152 
40447 

41833 
42150 
44400 
44727 

45780 
46127 
48592 
48949 

49645 
50021 

52696 

53084 

53483 
53889 

56773 

57191 

57269 
57704 
60794 
61242 

61045 
61509 
6480s 
65283 

64729 
65222 
68720 
69227 

68919 
72617 
73154 

72015 
72563 
76460 
77025 

St 

38300 
4050s 
42771 
45100 

42846 
45314 
47851 

5045B 

47381 
501 11 
52919 
55804 

S1856 
54846 
5792 1 
61080 

56239 

59485 
62823 
66252 

60592 

64092 
67690 
71387 

64886 
68636 
72492 
76453 

69170 
73170 

77283 
81509 

73353 
77598 
81964 
86450 

77516 
82006 
86622 
91365 

8 162 1 
86351 
91215 
96213 

82i 

88J 

47491 
49943 
52458 
55035 

53134 
61579 

58765 
61803 

64919 
68111 

64323 
67651 
71062 

74558 

69773 
73385 
77089 
80884 

75183 
79077 
83071 
87163 

80521 

88973 
93398 

85847 
90299 
94864 
99541 

91055 
95781 
100626 
105592 

96235 
101233 

111608 

101344 
106609 
112008 
117541 

^1 

57674 
60374 

65962 

64533 
67557 
70650 
73812 

71380 
74725 
78148 
81648 

78139 
81803 

!"S2 
89385 

84771 
88749 
92819 
96981 

91353 
95643 
10003 1 
[04518 

97849 
102446 
107148 
11 1956 

104332 
109236 
114252 

1 19383 

110678 
1 1 5883 
121209 
126654 

116986 

122491 
12B123 

133882 

123208 
129009 

134943 
141011 

98J 

1 00  J 

104J 

66848 

71797 

74808 
77881 

77044 
80345 

83715 
8715s 

85224 
88877 
92608 
96415 

93302 

97303 

IOI389 

>05S59 

101234 
i05578 
110014 
1 1 4542 

109103 
I 13787 
118570 
123453 

116871 
121891 
1 27016 

132248 

124624 
129980 
135448 
14 1029 

132220 
137906 
143711 
149637 

139767 
145780 
151920 
158187 

147214 
153550 
160019 
166623 

106 

108 
110 

81015 
84212 

87+71 
90792 

9066s 
94344 
97892 
I01610 

100299 
104260 
108297 
112412 

109813 
114151 

118574 
123081 

119161 

123871 
128673 

133567 

128432  , 
133512 

"37587 
143029 
148578 
154233 

146723 
152531 
158451 
164484 

155683 
161848 
168134 
174539 

16458 1 
171101 

«77749 
184533 

173361 
180332 
187237 
194376 

1 

n4S 
116I 
ii8| 

94  "74 
97619 
101 I 26 
104694 

"05397 
109254 
113180 
117176 

1 16603 
120872 
125217 
129639 

127672 
'32347 
137107 
141950 

138552 
143618 
148796 
154056 

149341 
1 5481s  1 

160388 : 
166060  j 

159994 
165B61 

171833 
177912 

170630 
176890 
183263 
189747 

181065  ! 
187710 
194476 
201363 ; 

191425  , 

205609' 
212891  i 

201649 
209056 
216596 
234270 
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i  OF  Inertia  or  Foua  Angles  with  Unequal  Legs.  Axis  X-X. 
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Long  Legs  Turned  Out. 

1 

1 

J 

M( 

mr""" 

T 

Ditianccs 

>ffl«ltB 

oT  Inertia 

To, 

of  Four 

AllKk.,                                       X                                X 
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4947 
5861 
5998 

26I 

28} 

3310 

3380 
3888 
3963 

3754 
3833 
44" 
4497 

4183 

4271 
4916 

5012 

4609 
4706 
5418 
5524 

5026 

5<33 

5911 
6027 

544' 
5556 
6400 
6526 

5837 
5961 
6869 
7004 

6228 
6361 
7332 
7476 

6622 

6764 
7798 

795' 

7002 

7152 
8248 
641 1 

4S>3 

4594 
518s 
5273 

5121 

5885 
5985 

5710 

^1 

6295 
6409 

7238 

7361 

6869 

6994 
7900 

8034 

7439 

7575 
8558 
8703 

7987 
8133 
9190 
9347 

8527 
86«3 
9814 
9982 

9071 
9237 
ICH43 
10621 

9597 
9773 
"050 
1:239 

"1 

in 

36J 

S90S 
5999 
6672 
6772 

6704 
6810 

7479 
7598 
8454 
8580 

8248 

8379 
9326 

9465 

9004 

9"47 
loiSt 

10334 

9756 
99" 

"033 
11 198 

10480 

10647 
11855 
12033 

U193 
11372 

12664 

12854 

11912 
12103 
i34«o 

13682 

12608 
[2810 
14269 
14484 

38t 
4oi 

7487 
7593 

8503 
8622 

9609 

9490 
9624 
10586 
10727 

10470 
10617 
11680 
"836 

11432 

"594 
12756 
12927 

12390 
"56s 
13827 
14012 

13316 

13505 
14863 
15062 

14227 
14428 
15881 
16094 

15  "45 
15360 
16909 
17136 

1603s 
16263 
17904 
16145 

♦'1 

44I 

9*59 

9376 
102 16 
10339 

10517 

10650 

II686 

1 1746 

11743 
11892 
12960 
13116 

12958 
13123 

14303 
14476 

14153 
U333 
15623 
15812 

»5342 

15538 
"6937 
17143 

1649s 
16705 
18213 
18434 

17627 
17852 
19466 
I97«» 

1B770 
19010 
20730 
20981 

19877 
20131 

21955 
22222 

46 

48 
48 

II32I 

II35O 

12273 
12408 

12748 
12895 

11944 
14098 

14238 
14402 

15576 

15747 

15714 
15895 

17193 
17382 

17167 

17365 
18783 
18990 

18612 

18828 
20367 
20593 

20017 
20249 

21907 

22149 

21396 
21643 
234<7 
23677 

22787 
23051 

24943 

25219 

24136 
24416 
26422 
26715 

50} 
52J 

13372 

I35>3 

«5«9S 
I53SS 
16499 

16974 
17153 
"8433 
18620 

18738 
18936 
20350 
20556 

20x73 
20689 
22236 
22462 

22201 

22437 

24360 

2388a 

24135 

25944 
26207 

25531 

25062 

27737 
28019 

27196 

27485 
29548 
29848 

2881 1 
29117 
31304 

31623 

J 

Moment  of  Int 

mU  of  r 

'iex.  Area 

-Tabu 

tar  Value 

:  X  Net  i1 

trca  +  Gr 

ou  Aret  (approx.). 
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79 

1 

L 

A 

■ 

, 

1 

^^^^^^                 TABLE  33.— 

ContintU^ 

■ 

■ 

^^^B      MouENTS  OF  Inertia  of  Tovr  Angles 

WITH  Unequal 

Legs.  Axis  X-X. 

^H 

Long  Legs  Tu 

RNED  Out. 

^^ 

i 

"nir 

MoRi«nl*  of  Inertia 

Axi.  XX.               *^— 

Long  Legs  Turned  Out. 

* 

-^  i 

For  EHatAttus 

Measured 

from 

Bade  to  Back. 

• 

1 
1 

JIL....i 

Size. 

8"  X  6".  I>oiig  LcK*  Tunicd  Oat, 

Thick. 

A" 

1" 

A" 

1" 

ir 

r 

H" 

r 

ir 

X*' 

Area  ^[1 

»3  7^ 

3JJ30 

30  J4 

3iM 

36.60 

39-;* 

^.u 

45-9* 

4<^oo 

SiMMO 

tl" 

Momeou  of  Inertia  About  Axis  X-X  for  Various  PisUnces  Bacl 

[  to  back  of  Angles,  Id 

.4. 

S4l 

15713 
15866 
16955 
171 14 

17858 
1803  I 
19270 
19450 

J9953 
20147 
21533 
21735 

22029 
23344 
33775 
23998 

14072 
34307 

36226 

26108 
26364 
28 1 81 
28446 

38091 
1836s 

30034 

30338 

32423 
33738 

31997 
33310 

34545 
34870 

33902 
34234 
36605 
36948 

1 

58i 

60k 

18244 
18409 
19581 

1975' 

20736 
20923 
22257 
22450 

23174 

23383 

24875 
25091 

25588 
25819 
27467 
37707 

27964 
28217 
30030 
30283 

30333 
30608 
32564 
32850 

33642 
32938 
35046 
35353 

34904 
3S22> 

37477 
3780s 

37190 

37528 

39934 
40284 

39409 
39767 
43318 
42689 

62i 

62 
64 

20965 
21141 

22396 
22579 

23831 
14033 
25459 
25667 

26636 
26860 
28458 
38690 

32149 

32420 
34351 
34632 

34876 

35<7i 
37266 

37573 

37536 

37853 
40112 
40440 

40141 
40482 
42899 
43250 

43775 
43137 
457>5 
46089 

4533' 
45715 

48449 
48846 

66i 

68| 

68i 

2387s 
14064 
25402 
25596 

27142 
27356 
38878 
29099 

30340 
30580 
32283 
32530 

33508 
33772 
35655 
35928 

36916 
38975 
39274 

39737 
40052 
42287 
42612 

4»774 
43 1 12 

45521 
45870 

45747 
46110 
48687 
49061 

48752 
52287 

51670 

53080 
54996 
55419 

M 
70J 
72^ 
72* 

26976 
27r76 
28597 
2880J 

30669 
30896 
32513 
32747 

34387 

34541 

36351 
36613 

37869 
38150 
40150 
40440 

41397 
41705 
43894 
44209 

44916 
45251 
47635 
47970 

48354 
487<4 
5<273 
51644 

51719 
53105 

54843 

55140 

55I3I 

55532 
58453 
58876 

5842$ 
5886! 
61958 
62407 

74* 

76i 

78 

80I 

30478 
33300 
33969 
35786 

34652 
3661  I 

38625 
40692 

38745 
40937 
43190 

45503 

42796 
45219 

47709 
50266 

46787 
49437 
52161 
54958 

50768 

56603 
59640 

54659 
57760 
60947 
64320 

58468 
61787 
65198 
68700 

62318 
6585S 
6949s 
73231 

66058 
69613 
73671 
77633 

82I 

i 

37651 
39562 

41532 
43538 

42813 
44988 

47317 

49500 

47877 
50312 
52806 
55362 

53889 
55800 

mi 

57838 
60771 
63788 
66878 

63757 
65953 
69228 

73583 

67578 
71032 

74551 
78168 

72295 
75981 
79760 
83630 

77065 
80997 
85016 

89154 

81699 

85870 

90144 
94523 

9oi 
93J 

^1 

45583 
47684 
49833 
52030 

5<S37 
59"73 

64053 
67011 
70036 

73128 

70041 

73277 
76586 

79969 

76017 
7953 « 
83125 
86798 

81869 
85656 
89529 
93488 

91646 

9579J 
100039 

93380 
97704 
102135 
106645 

99005 
103591 
108181 

U3076 

1 

98* 

100^ 

I02i 

1044 

54274 
56565 

58904 
61290 

61726 
69709 

69045 
71963 

76387 
79512 
82805 
86164 

8342s 
86954 
90556 
94131 

9055" 
94383 
98294 
103385 

97531 
101662 
105878 
110180 

104358 
108779 
113191 
117897 

111263 
115979 
110791 
125.04 

117975 
121977 
li«o83 
133394 

■ 

106 

108 

110 
112 

66205 
68733 

71309 

72478 
75301 
78178 
81110 

81081 
84241 
87461 
90742 

89590 
93084 
96644 
100170 

979S0 
101802 
105697 
109665 

106356 
110506 
114736 
119045 

114567 
119041 

123600 

T 18144 

121594 
137381 
132263 

>37i35 

130714 
135812 
141028 
146331 

138608 
1440-7 
149549 
155175 

Moment  of  Inertia  of  Net  Area  =  Tabular  ^  alut 

-  X  Net  ^ 

rea  -^  Gr 

08S  Area  1 

■pprox.). 

b 

80 

^ 

J 

H 

HH 

Wf^                  ^^^^^^^^^^1 

^M 

^ 

Moments  of  I 

SERTIA  OF  Four  Angles  ^vith  Unequal  Legs,  Axis  X-X. 

^^1 

^^ 

Short  Legs  Turned  Out. 

^ 

i 

is                                       ^^                 i                                       PorDbtancM 

1 

Momenta  of  Inen 

J 

of  Four  Ancle* 

1                                         fhim 

•^m 

Axis  X-X. 

^H 

Short  Leg*  Tunwd  Out.                                   __                 ;                                      8Kk  to  B*ck« 

^M 

JL L 

^ 

Sim. 

3«X»Ji".  Short  Us.  Out. 

31"  X»r.  Shortly.  Otit. 

4"  X  3".  Short  Le^Oai. 

Thick. 

1" 

A" 

1" 

v."     1" 

1" 

A" 

1"       A" 

i" 

A"         1" 

A" 

r 

A" 

M4" 

Arei^l* 

5-34 

6^8 

7.68 

IM      lOM 

5-76 

7.1a 

8-44       9  73 

11.00 

8.36       9  91 

*M8 

13.00 

d" 

Moraoitaol 

r  Inertia  Aboal  Ajia  X-X  for  Vwioui   Dialanca  Back  to  Back  of  AnglM,  In.*. 

^ 

33 

41 

47 

53 

59 

6J 

37 

44 

5< 

f 

65 

7 

4° 

48 

56 

64 

71 

7 

43 

53 

61 

70 

77 

7 

47 

57 

66 

76 

84 

47 

57 

67 

76 

84 

7 

51 

62 

71 

82 

91 

SI 

62 

7* 

32 

92 

8 

5S 

67 

78 

89 

98 

55 

67 

78 

89 

99 

8 

59 

7» 

84 

95 

106 

60 

72 

84 

96 

107 

8 

6? 

77 

90 

I03 

"4 

^ 

78 

91 

103 

115 

88 

103 

118 

131 

144 

8 

68 

83 

96 

no 

122 

69 

83 

97 

in 

124 

95 

in 

127 

141 

155 

9, 

7* 

88 

103 

118 

131 

73 

89 

104 

119 

133 

101 

119 

136 

151 

166 

9k 

77 

94 

no 

125 

140 

78 

95 

112 

127 

142 

108 

J  27 

145 

161 

178 

9| 

83 

100 

117 

134 

149 

84 

lOI 

119 

136 

151 

"5 

135 

«5S 

172 

190 

9l 

87 

107 

124 

142 

158 

89 

108 

127 

144 

162 

123 

<44 

i6s 

184 

202 

lo 

91 

113 

132 

151 

168 

94 

US 

135 

153 

172 

130 

153 

175 

195 

215 

lol 

98 

IZO 

140 

160 

178 

100 

122 

143 

163 

182 

138 

162 

1 86 

207 

229 

>o4 

i<H 

117 

148 

169 

189 

106 

129 

151 

173 

193 

147 

172 

197 

220 

242 

loi 

109 

134 

156 

179 

200 

It2 

136 

160 

183 

20s 

155 

182 

209 

233 

257 

tl 

"5 

I4t 

16s 

189 

3It 

m8 

144 

169 

193 

2lfi 

164 

191 

221 

It 

27a 

II 

121 

149 

"74 

199 

222 

"5 

152 

179 

204 

228 

173 

203 

233 

287 

II 

127 

156 

183 

210 

234 

246 

131 

160 

188 

215 

241 

182 

214 

245 

274 

303 

11 

134 

164 

192 

220 

138 

168 

198 

226 

253 

192 

225 

258 

289 

3  "9 

u 

140 

172 

202 

231 

258 

145 

177 

208 

237 

266 

201 

237 

272 

304 

335 

12 

«47 

iRt 

211 

243 

271 

152 

186 

218 

249 

180 

2n 

249 

285 

319 

352 

^ 

12 

154 

189 

222 

lU 

284 

159 

195 

229 

161 

29^ 

122 

261 

299 

335 

3Z2 

■ 

12 

161 

198 

232 

297 

167 

204 

240 

274 

308 

232 

273 

314 

35« 

388 

^ 

"3 

168 

207 

242 

278 

3" 

175 

213 

25» 

287 

322 

243 

zSC 

329 

368 

406 

1 

«3 

176 

216 

253 

290 

325 

182 

223 

262 

300 

337 

254 

299 

344 

385 

425 

J 

>3 

184 

22s 

264 

303 

3^9 

igo 

233 

lU 

313 

352 

265 

313 

359 

402 

*i^ 

■ 

t3 

191 

23s 

275 

316 

353 

199 

243 

327 

367 

277 

326 

375 

420 

464 

«4. 

199 

»44 

287 

329 

368 

207 

253 

298 

341 

383 

289 

340 

391 

438 

484 

■<t 

207 

:iJ 

299 

343 

383 

216 

264 

3" 

355 

400 

301 

355 

407 

*57 

505 

ut 

lis 

310 

357 

399 

224 

275 

323 

370 

4>5 

313 

369 

424 

476 

526 

Ml 

"3 

275 

323 

371 

4>5 

233 

286 

336 

385 

432 

326 

384 

442 

495 

548 

IS 

231 

28s 

335 

38s 

431 

242 

297 

349 

3*^3 

400 

450 

339 

400 

459 

515 

S70 

IS 

241 

396 

348 

400 

447 

251 

308 

4"5 

467 

352 

41S 

477 

535 

592 

15 

ISO 

307 

361 

415 

4J4 

261 

320 

377 

431 

485 

366 

43" 

495 

556 

5^5 

IS 

258 

318 

374 

430 

481 

271 

332 

39» 

447 

503 

379 

447 

514 

577 

639 

1 

i6 

268 

330 

3«7 

445 

498 

18 1 

34» 

405 

464 

522 

393 

464 

533 

599 

5^3 

16 

277 

341 

401 

461 

516 

291 

356 

420 

4B0 

540 
560 

408 

481 

553 

620 

687 

16 

a87 

353 

415 

477 

534 

301 

369 

434 

497 

422 

498 

573 

^J 

712 

i6 

297 

365 

429 

493 

552 

3" 

381 

450 

515 

579 

437 

515 

593 

665 

737 

IB 

348 

428 

5<>3 

579 

648 

366 

449 

529 

606 

682 

5 '4 

607 

699 

785 

870 

x8l 

358 

44> 

519 

506 

66.J 

377 

463 

546 

625 

l^ 

531 

626 

721 

810 

898 

iBl 

369 

% 

534 

615 

689 

389 

477 

563 

645 

5j7 

^ 

^ 

836 

926 

1 

I8| 

380 

550 

633 

710 

401 

492 

580 

664 

748 

564 

862 

955 

M 

omenl  of  Inertia  ol 

Net  Area  —  Tabular  Value  X  Net  Area  +  Grau  Area  (approx.)- 

L 

^^ 

^^^^ 

sx 
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TABLE  M,^Q>n 

W^^ 

^^^H 

^^F                Moments  op 

Inertia  of 

Four  Asgles  with  Unequal 

Legs.  Axis  X-X. 

Short  Legs  Turved  Out. 

Tir' " 

If 

Moin«Dl2  of  I 

nertia 

For  DEKADoes 

of  Four  Anjfles, 

X             X 

i 

Measured 

A«U  X-X. 

'? 

frora 

Shon  LcffB  Turned  Out 

I 

Back  lu  Bftck. 

JL 

1 

si«. 

S"  X  3".  Slioft  Lees  Turned  Out. 

• 

Thirk.      A"!     1"    1    A" 

r 

A" 

i"       U" 

Thick. 

1"    1     A" 

1"    1    A" 

r  1  ir     1 

Area4l»    ^Ao  \    tt^^  '    .3.^4 

15.00 

■6.7V 

18.+4       ao.ia 

Area  14* 

1 

15.00 

16.7* 

18.44  1  »-«»    1 

ri" 

Moment*  of  Inertia  About  AxU  X-X  for  V&rimii  Dutances  Back  to  Back  oT  Anxlet.  Ib.«.                       |    | 

ioJ''il47 

«74 

198 

222 

H4 

265 

286 

22  J 

1046 

1202 

1356 

1505 

1649 

1791 

loj 

is(> 

184 

210 

235 

259 

281 

303 

22? 

1073 

»234 

1392 

1544 

1692 

l8t8 

II 

165 

195 

223 

249 

274 

298 

323 

24i 

1273 

1464 

1652 

1835 

2011 

3186 

Hi 

17+ 

206 

235 

263 

290 

315 

340 

24  i 

1303 

1499 

1692 

1878 

20S9 

2238 

Hi 

184 

217 

248 

278 

307 

333 

360 

26I 

1523 

1753 

1979 

2198 

2410 

2620 

111 

t^ 

229 

261 

293 

323 

352 

380 

26I 

1556 

1791 

2032 

2245 

2463 

2678 

II 

20+ 

241 

275 

309 

341 

371 

401 

28} 

1796 

2068 

2335 

l^ 

2847 

39SO 

Wl 

2«5 

153 

289 

325 

359 

390 

422 

28i 

1831 

2109 

2382 

2904 

3 158 

I2J 

236 

266 

304 

342 

377 

4»> 

444 

3oi 

2091 

2409 

2721 

3024 

3320 

3611 

■it 

«37 

283 

3>9 

359 

396 

431 

467 

304 

2130 

2454 

2772 

3080 

3381 

J678 

'3 

248 

293 

335 

376 

416 

453 

490 

32i 

2410 

2777 

3137 

3487 

3829 

4166 

■3l 

260 

307 

351 

394 

436 

475 

5H 

32i 

2451 

2825 

3194 

3547 

3896 

4339 
4762 

135 

272 

311 

367 

4<3 

456 

497 

538 

34j 
34* 

2751 

3<72 

3584 

3984 

4376 

ui 

284 

J36 

384 

432 

477 

520 

563 

3796 

3223 

3642 

4048 

4447 

4839 

14 

297 

351 

401 

45" 

499 

544 

589 

36I 

3116 

3593 

4060 

45H 

4960 

5398 

t4J 

310 

366 

419 

471 

521 

568 

615 

36 

3163 

3647 

^'?? 

4583 

5035 

5480 

Hi 

323 

38a 

437 

49a 

5*+ 

593 

642 

38J 

3503 

4040 

4566 

S078 

5580 

6074 

Hi 

336 

398 

456 

5>2 

567 

619 

670 

38J 

3553 

4098 

4632 

5»Si 

S^o 

6162 

15 

350 

4H 

475 

533 

591 

645 

698 

40j 
40} 

39'3 

45H 

5102 

5675 

6136 

6791 

isl 

364 

431 

494 

556 

615 

671 

727 

3966 

4575 

5172 

5752 

6322 

6883 

15J 

379 

448 

5>4 

578 

640 

698 

757 

42i 

4346 

5014 

5669 

6305 

6933 

7547 

15I 

393 

467 

534 

601 

66s 

726 

787 

4*J 

4402 

5079 

5742 

6386 

7021 

T^S 

16 

408 

484 

554 

624 

691 

754 

818 

44 

44 

4802 

5S4« 

6265 

6969 

7663 

!'♦* 

16I 

4H 

Soa 

575 

647 

717 

783 

849 

4861 

5609 

6342 

7055 

7757 

8447 

i6» 

439 

520 

597 

672 

744 

813 

881 

46 

5281 

6094 

6891 

7667 

8431 

9181 

i6i 

455 

539 

618 

696 

771 

843 

914 

46 

5342 

6165 

6972 

7756 

8530 

9589 

17 

471 

558 

641 

721 

799 

873 

947 

48 
48 

5782 

6674 

7547 

8398 

9236 

10059 

i7l 

4S8 

578 

663 

747 

827 

904 

981 

S847 

6748 

7632 

8491 

9339 

10172 

I7l 

505 

598 

686 

773 

856 

936 

1015 

50J 

6307 

72S0 

8234 

9162 

10078 

I0977 

I7i 

522 

618 

710 

799 

886 

969 

1051 

5oi 

6374 

7358 

8322 

92  0 

10186 

11094 

18 

539 

639 

733 

826 

916 

lOOI 

1086 

52 

6854 

7913 

8950 

9960 

10956 

"935 

i$\ 

557 

Ujn 

758 

854 

946 

1035 

1123 

52 

6924 

7994 

9042 

10062 

11069 

12057 

i8| 

575 

682 

782 

882 

977 

1069 

1 160 

54 

7425 

8572 

9696 

10791 

1 1 872 

12933 

18} 

593 

703 

808 

910 

1009 

1104 

1198 

54 

7497 

8657 

9792 

10897 

11989 

13060 

30 

690 

818 

939 

1059 

"74 

1285 

1395 

56 

8018 

9258 

10472 

11655 

12S24 

IJ97I 

20 
20 

710 

H41 

967 

1090 

1209 

^m 

H37 

56 

8094 

9346 

10572 

11766 

12946 

14104 

730 

866 

995 

1122 

1244 

1362 

H79 

58 

8634 

9970 

11279 

\'J^ 

13814 

15050 

iOj 

751 

890 

1033 

H54 

1280 

1401 

1522 

58 

8712 

10061 

I13S3 

13940 

IS  187 

21 

772 

91 5 

1052 

II86 

1316 

1441 

1565 
1609 

60 

9273 

10709 

12115 

13485 
13603 

14840 

16169 

2l\ 

793 

941 

1081 

1219 

»353 

1482 

60 

9354 

1080^ 

12223 

14971 

16311 

21J 

815 

966 

nil 

I2S3 

1390 

1523 

1654 

62 
62 

9935 

iH74 

1 2981 

14450 

15903 

17328 

2rl 

837 

99a 

1141 

1287 

1428 

1564 

1699 

10019 

11571 

13092 

H573 

16038 

17475 

Moment  of  Inertia  c 

fNet 

Area  e 

a  Tabular  Value  X 

Net  Area  -^  Gi 

Ttf»  Area  (appfoi.).                        1 

& 

82 

\d 

TABLE  34. — Ctrntinwd. 

Moments  of  Inertia  of  Folk  Angles  with  Unequal  Legs,  Axis  X-X. 
Short  Legs  Turned  Out. 


Motncnu  at  loenia 

of  Kour  Angln. 

Asia  X-X. 

Shf«t  ljfg%  Turned  Out. 


ir T 

JL ^  4 

JL..J 


For  L>i»tances 

Meuured 

from 

Back  to  tUck. 


Siic. 


5^X  31".  Sbort  I.cf*  Turned  Out. 


Thick. 


Area4i[i 


r 

ll" 

*" 

A^ 

1" 

ir 

13.  JO 

t4.ia 

t6M 

17.8S 

w.6a 

«48 

J"        Thick. 

1" 

A" 

i" 

A" 

■// 

»3.>4    Are«4lfc 

ta.TO 

i4.i» 

>6.oo 

■  7.«8 

tV.68 

11.48      a3.a4 


Moncflu  of  Inertia  Abovi  Axii  X-X  for  Various  DlManccs  Buck  to  Back  of  Anslca.  In.*. 


"93 

228 
240 
253 
266 
280 

294 

308 

323 
338 
353 
369 
386 
402 
419 
437 
454 
471 
491 
510 

5»9 

569 

589 

697 
720 

5^ 

915 
94* 
"35 
1165 

1379 

164B 
1684 

1941 

1980 

2259 

2301 


2ZX 
234 
247 
261 
275 
290 

305 
321 

337 
354 
370 
388 
406 
424 

:^i 

482 
502 

522 

543 

564 
$86 

609 
631 

654 
678 

803 
829 
856 
883 
1055 
1085 
1309 
1342 

1591 

1628 
1901 
194* 
2240 
3284 
2607 
265s 


246 
261 
276 
292 
308 
324 
341 
359 

396 
415 

434 
454 

475 

496 

Si8 

in 
586 
609 

633 
658 

683 
709 

735 
761 

903 
932 
962 
992 
1186 

I22t 

1473 

15" 

1792 
1834 
2143 
2189 

2526 
2576 
394 » 
2995 


272 
288 
30s 
322 
340 
359 

378 
398 
418 
439 
460 
482 
5<H 
527 

551 

575 
599 
625 
650 
677 
704 
731 

759 
788 

817 
846 

1003 

1036 
1070 
1 104 

1319 

1639 
1682 

"995 

2042 
2386 
2438 
3813 
2869 
3276 
3337 


296 
314 
332 
351 
371 
391 
412 
433 
456 
478 
502 
525 
550 
575 
601 
627 

654 
683 

710 

739 
768 

798 

839 

860 

892 

925 
1097 
"33 
1170 
1207  '  1311 


320 
339 
359 
380 
401 
423 

445 
469 
493 
S17 
543 
569 
595 
623 

679 

709 
739 
770 
801 

833 
866 

899 
933 
968 
l^ 

1 190 
1230 

1270 


"445 

1487 
1796 
"843 

2187 


1569 
1615 
"952 
2003 

2377 


2239  343A 
3617  I  2846 
2674  2908 


3086 
3148 
3595 
3661 


3357 
3434 
39"2 
3984 


340 

361 
382 
405 
438 
45" 
475 

526 
553 
580 
608 
637 
666 
6;6 
727 
759 
79" 
834 
858 
892 
918 

964 
1000 
1038 

1076 

"377 
1330 
1363 
1407 
1686 

"735 
2099 
2153 
3558 
2618 
3063 
3139 
3615 
3687 
4214 
4391 


33 

32 

34 
34 
36 
36 

38 
38 
40 
40 
42 
42 
44 
44 

46 

48 
48 
50 

50 
52 

52; 

54 

56 

58 
58 
60 
60: 
62 
62 

64^ 

66 
66 
68 
68 
70: 
70 
72 
72 


3601 

3646 
2967 
30"S 
3358 
3409 

3773 
3827 
4213 
4370 

4677 
4737 
5 165 
5228 
5678 

5744 
6215 

6285 

6777 

•6849 
7363 

7438 

7973 
8052 
B60B 
B689 
9267 
9352 
9950 
10038 

10658 
10749 
""391 
1 1485 
12148 
12245' 
12929: 
13029! 

"3734 
13837 
14564 
14670 


4920 
4990 
5495 
5569 
6102 
61S0 
6741 
6823 
7412 
7498 
8115 
8205' 
8B50I 

8944I  .- 
9617  10728 

9715.10838 

104 1 5  11620 
1051811734 
11246  12548 


3775 
3840 

4509 
4379 
4880 

4953 
5485 
5564 
6127 
6310 

680s 
6892 
75  "8 
7610 

8267 
8363 
9052 
9"S2 
9872 
9977 


4143 
4214 

473" 
4807 

5357 
5439 
6024 
6110 
6729 
6830 

7474 

7570 
8258 
8359 
9082 


4509 
4587 
5<49 
5233 
5833 
5921 

6559 
6653 
7328 
7427 
8140 
8245 

8995 
9105 

,    9894I 10674 
9188  looog  10798 

9945  1*^35  """^i 
1005s  10955  "821 

10847111819 
10963  11945 
11789112846 
M909ji2977 

U77o|l39"5 

13895  14053 

3790!  15028 


4859 
4942 
5550 
5639 
6388 
6383 

7072 
7"73 
7903 
8010 

B780 

8893 
9704 
9832 


3002  3388 

3054  3446 

3426  3867 

348"  3929 

3877  4378 

3936  4444 

4357 
44"9 

4866 

493" 

5402 

547" 
5967 
6039 

6560 
6636 
7181 
7260 
7830 

79>3 

8508 

8594 
9214 
9304 
9948, 
10041I113S2I12667I13921I15170I16376 

107 10 
10807 
II 501 
11601 

12319 
11424 
I3i66{ 
13274 
14042 
14153 
"4945 
15060 

"5877 
"5996 
"6837, 
16959! 


1 2754 
12890 
13864 
14005 
15020 
1 5 167 
16223 


12109113512  14850;  16184  17472 
I22i9,i3635'i4985:i6332]i763i 
13004  I45u;i5949  17383  "8768 
13118  14639  16089,1753611893a 

13931I15546J17088  i8625'iOiio 
140491 15678J 1 7233  18783130280 
1489O1I6617  18266  19909  21496 
15012  16753  1841620073  21675 
15881 'i7724'l9483,3"237;22934 
16007  I7H64I9<<38  31406  23116 
16904  188661  io739'226o8J24JiS 
17034:19011  20899I22782  34603 
17958  30044|220}5  24021  25943 

18095  30I94!32200  2420126137 

1904531258123371125478.27518 
I9I83I2I4I3I23540J25663  27717 


Moment  of  Inertia  of  Net  Area  >■  Tabular  Value  X  Net  Area  +  Grosi  Area  (approx.), 
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l^^^SnB 

P 

■ 

■ 

■ 

^^V                Moments  of 

Tnebtia 

OF  Four  Anoles  with  Uheqlal  Legs.  Axis 

XX. 

Short  Legs  Turned 

Out. 

ICamenlf  of  Tnertia 

of  Four  Angles. 

Axis  X-X. 

Sbon  Ltg%  Tuned  Out. 

ir i 

For  I)ist-ince5 
from 

Back  to  GUck. 

JL i 

Sixe. 

6 

'  X  <".  Sbort  Leci  Turned  Oui. 

l-hick. 

r 

.6.;. 

4" 

A" 

1" 

H" 

r 

H" 

r 

ir 

AfOft.* 

14-44 

19.00 

^-44 

»5.6o 

.7.76 

.9-S8 

3«.9S 

J4-00 

d'' 

MoOKIltl 

of  iDcrtia 

Abool  Axis  X-X  far  Vanooi  Usuaco  BuJc  to  Back  of  Anfleft.  Ik.«. 

Hi" 

141 

i6| 

322 

X 

60S 

629 

370 
508 
530 
697 
723 

414 

571 

595 
814 

459 
660 

87« 
904 

733 

9SS 
991 

5*1 
748 

781 

1033 

1072 

840 
1II2 

"55 

619 

858 

897 

1188 

113s 

655 
911 

95* 
126Z 

"3" 

691 

962 
1005 

"335 
1386 

7" 
1007 
1053 
1400 
«4S4 

|8( 
I8j 

20j 

799 

82s 

1021 

1051 

930 
950 

"77 

I2II 

1037 
1071 
1327 
1366 

1151 
1190 
1476 
151 

1264 
1306 
1620 
1668 

1369 

M>5 
1756 
1808 

1476 
<S25 
1895 
1951 

1578 
1632 
2028 
3089 

1677 

>734 
2156 

3221 

1776 
1836 

3285 
2353 

1864 
1918 
3401 
2473 

22} 
Hi 

1272 

I3OS 

1551 
1589 

14^ 
1505 
1790 
1832 

1655 

1699 

2021 

2070 

1842 
1890 
2250 
2304 

2023 
2077 
2473 
2533 

2195 
2253 
2685 
2749 

2369 
2432 
2899 
2969 

3107 
3183 

2699 
3772 
3306 

3387 

3863 
2939 

3507 
3592 

3010 
J091 
3691 

3781 

a6i 
26i 

lit 

i860 

I9OI 
2198 

2242 

2146 

2193 
2536 

2587 

2425 

.IS 

2925 

2701 
2760 
3195 
3259 

2970 
3035 
3S"3 

3585 

3226 

3297 

3818 

3895 

3485 
3562 
4126 
4210 

3736 
3819 

4516 

3977 

^n66 

47" 
4608 

4220 

4314 
5001 
5103 

444S 

5376 

30 

11 

2564 
261a 

2959 
301 1 

2960 
3015 

3476 

3348 
3410 
3866 
3933 

3730 

3800 

4309 
4384 

4104 
■    4181 

474" 

4824 

4461 

4545 
5156 
5246 

4822 
4913 
5574 
5672 

S173 
5272 
5981 
6087 

5510 
5614 
6372 
6484 

5850 

616$ 
62S2 

7260 

34 
36 

■ 

3583 
3439 
3836 

389s 

3907 
3971 
4431 
4499 

4422 

4494 
5016 

5093 

4930 
5010 

5593 
5679 

5425 
6251 

5901 
5998 
6698 
6801 

6382 
6486 

7245 
7356 

6849 
6963 
7777 
7898 

7298 
7418 
8a88 
8416 

7752 
7880 

8805 
8941 

8174 
8310 
9287 
943" 

111 

4318 
4381 

4829 
489s 

4988 
5060 

5579 
5655 

5648 

5730 
6318 

6405 

6399 
6390 

7«H7 
7143 

6934 

7035 

7546 
7656 
8446 

8562 

8163 

82S2 

9137 
9263 

8764 
8893 
9811 
9948 

9341 

9478 

10459 

10603 

9926 
10071 

11268 

10473 
10625 
11729 
11891 

42I 
42 
44i 
44l 

5369 
5438 
5937 
6010 

6203 
6283 
6861 
6945 

7026 
7it8 

7773 
7868 

7838 
7940 
8671 
8778 

8631 

8743 

9550 
9668 

9396 
9519 
10398 
10527 

10167 
10300 
11252 
11391 

10919 
1 1062 

13085 
13237 

1 1640 

"793 

12885 
13046 

12372 
"2534 

13697 
13867 

1305B 

13229 
«4458 
14638 

f4 

653s 
6611 
7161 
7241 

7640 
8276 
8369 

!?5^ 
8657 

9379 

9484 

9547 
9659 
10465 

10583 

10515 
10639 

11527 
11657 

U4S» 
11586 

12555 

12697 

12393 
I2S39 
13589 
"3742 

13312 
13471 
14598 
14764 

14194 
14363 

15567 
15744 

15090 

15269 

'$55« 
16738 

1S93« 

16120 
17476 
17674 

50 
so 

Si 

52 

7816 
7900 
8500 

8588 

9034 

9826 
9927 

10239 
10349 
11137 
11252 

11426 

"549 
12429 

12557 

12587 
12722 
13693 

"3834 

13710 

13858 

14917 

15071 

14841 
15001 

16148 
16315 

'5944 
161 18 

17350 

»753' 

17004 

17189 

18505 
18697 

18080 
1827s 
19677 
19881 

19095 

19300 
207S1 
20997 

Moment  of  Inertlj 

I  of  iNet 

Area  *> 

Tabular  Value  X 

Net  Arc 

a  -f  Grc 

tu  Area 

[approx.] 

. 

fl4 

^^ 

k. 

^^ 
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^^^^^^^^^^^^           SA.—  Coniinutd.   ^^^^^^^^^^^^^^^B 

r       Moments  of  Inertia  of  Four  Angles  with  Unequal  Legs,  Axis  X-X.       ^^| 

Short  Legs  Turned  Out. 

! 

Moarnu  of  Inertia            ^       ^   1              For  DUuncw 
of  Four  AnKla.              ^                 X      d                                        Measured 
A«»  X-X,                       1                from 
Sboet  U«*  Ttuaod  Out.                      I                                  BkW  lo  Back. 

JL.....i 

&ixe. 

tr  X  4".  Short  Lc«»  Tunwd  Out.                           ] 

Thick. 

r 

A" 

r 

A" 

r       H" 

1" 

\r 

1" 

\r 

I" 

Ar«.4L> 

«4'44 

•6.7. 

19.00 

ai.H 

•3-44    »5'*o 

,7.76 

>9^ 

3«-»» 

34.W 

36« 

cl" 

Moaientt  oT  Inertia  Aboiu  Aaia  X-X  (or  Various  Diauwccs  Back  10  Back  of  Anglea.  la*.                    | 

54 

'I 

s<> 

ft 

9213 
9304 

9955 
10049 

10650 
10756 
11509 
11618 

12073 
12193 

13047 
13172 

13475 

13608 

14563 
I47OI 

14846 

14993 
16046 

16199 

l6l7S 
16335 
17484 
17651 

I75I1 

1768s 

18929 

19  no 

188 16 
19004 

20341 

20537 

20069 
20269 
21697 
21906 

21342 

21554 
23075 
23296 

22542 

22767 
24375 
34609 

t 

10725 
10824 

11525 
11627 

12400 
12514 
13325 
13443 

14059 
14189 
15110 

15244 

15693 
15837 
16866 
17016 

17292 
17452 
18586 

18751 

18844 
19016 
20255 
20434 

2040J 

20591 
21932 
22127 

21926 

22130 
23571 
23782 

25145 
25370 

24876 

25105 

26744 
36983 

36380 
26523 
28256 
38509 

6j 

62 

64 

12353 
<2459 
13211 
13320 

14284 
14406 
15276 
15402 

16198 
16336 

17324 
17467 

18082 
18237 
19340 
19500 

19927 
20097 

31314 
11491 

21718 
2i<;o3 

23231 
13423 

23517 
23719 

35366 

25276 

25494 

27040 
27366 

26965 

37197 

28849 
29089 

286B1 

28928 
30686 
30942 

30305 
30566 

66J 
66 
68 
68| 

140)7 
14210 
15012 
15128 

16301 
16433 
17360 
17495 

18488 
18636 
19690 
19843 

20641 
Z0806 
21984 

aai54 

12748 
22931 
24229 
24418 

14796 
24994 
26412 

16617 

26853 

27069 
28604 
28827 

28:6(; 
19098 
30748 
30989 

30796 
3104s 
32807 
33064 

32759 
33023 
34900 
35173 

34619 
34898 
36883 
37172 

72i 

15956 

16076 
16929 
17052 

18453 
18591 
19578 
19721 

20930 
21088 
22208 

32371 

13369 
23545 
24797 
34978 

25758 
25952 
27332 
27533 

28080 
18291 
29798 

30016 

30411 

30641 

32274 
32510 

32692 
32940 
34696 
34951 

34882 

35>47 
37021 

37294 

37109 
37390 
39386 
39676 

39220 

39517 
41619 

41935 

^1 

18058 
19092 

20155 
21147 

20885 
22063 
23312 
24576 

23692 
15051 
36447 
27881 

26454 

27972 
29533 
31136 

29160 
30835 
32556 
34325 

31792 
33619 

35498 

37427 

36416 

38452 
40543 

37022 
39152 
41343 
43593 

39505 
41780 
44«i8 
46520 

42029 

44451 
46940 
49498 

44425 

46987 

49620 

52326 

82i 
88} 

23368 

23517 
24696 
25903 

25B73 
27203 
28567 
29965 

29355 
30866 

32415 
34001 

32782 
34470 
36201 

37974 

36140 
38002 
399" 
41867 

39408 
41440 

45658 

42690 
44892 
47150 
49464 

4S902 
48272 
50701 
53190 

48986 
51516 

52123 
54817 
57578 
60408 

55104 
63869 

1 

90 
92 

27140 
28105 
29699 
31022 

31396 
32860 
34358 
J5889 

35627 
37290 
38990 
40729 

39789 
41647 
43548 
4549* 

43869 
45919 
48015 
SOI  59 

47844 

50081 
52369 
54708 

51833 

5J*58 

56738 
59273 

SS739 

61016 
63744 

59489 
62275 

63305 
66271 
69304 
72406 

66935 

70073 

1 

98* 
100 

102 
104 

J2374 
33755 
35)64 
36603 

37454 
39052 
40683 
42348 

42506 
4432" 
46174 
4806s 

47476 
49504 
5 1575 
53688 

52349 

\^% 

S920I 

57099 
59541 
62034 
64578 

61664 

64511 
67213 

6997X 

66531 
69379 

72386 

75253 

71014 
74054 
77159 
80327 

75575 
78811 
82118 
85491 

79918 
90411 

106 
108 
110 

112 

3R070 
39566 
41092 
42646 

44047 
45779 
47544 
49343 

49994 
56008 

55843 
58041 
60282 
62564 

61579 
64003 

68993 

67173 
69820 

72517 
75167 

72784 
75653 
78577 
81557 

76280 
81367 

84513 
87719 

8^56 
90216 

93639 

88933 
92442 
96010 

99665 

94053 
97767 
101553 

105410 

Moment  of  Incriia  of  Net  Area  -  Tabular  Value  X  NVt  Area  +  Cross  Area  (approx.). 
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TABLE  34.— Om 
MoMEirrs  of  Ixektu  op  Foi-b  Ascles  with  Uiveqcal  Legs.  Axis  X-X- 

Short  Legs  Tlrneo  Olt. 


22 
22 
24 

14 

26 

2B 
afl 

30 
50 
3* 

32 

i 

38i 
38| 

40} 
40I 

42 
44 
44 

48} 
48J 

So\ 

5 

54 

56 


MlMMM>  of  f  Mni« 

Asi«  X-X, 
Short  L^  T«m4  0«. 


ir 

[ 

JLJ 


For  Dii>i«eq| 


955 
1214 

<i54 

1554 
1600 

194a 
'994 
«377 
2435 
ifl6o 
2924 
3390 
3460 

3968 
4043 
4593 

4674 
5265 
5353 
5985 
6078 

6752 
6852 

7567 
7672 

8429 
8540 
9339 
9456 

10296 
10419 

IIJOl 

11430 

12353 
12487 
<345i 
13S93 

14599 
14746 
15795 
15946 


1079 

1197 

13'4 

1429 

1967 

1645 

1750 

1854 

'373 

1524 

1675 

1822 

2103 

2238 

3373 

1418 

1575 

1731 

1883 

2033 

l^ 

2314 

34S4 

1759 

1955 

2150 

234' 

2520 

2883 

3059 

l8l2 

2013 

2215 

241 1 

2605 

2788 

2970 

5152 

2200 

2447 

2692 

2933 

3'70 

3395 

3619 

3842 

2259 

2512 

2765 

3012 

3256 

3488 

37'7 

3947 

2694 

1999 

330' 

^1**? 

3891 

4»70 

4447 

4724 

2760 

3072 

3382 

3686 

3987 

4273 

4557 

4841 

3143 

361 1 

397^ 

4336 

4692 

5031 

5366 

5703 

331s 

3692 

4066 

4433 

4797 

5'44 

5488 

5833 

384s 

4284 

4720 

5  "47 

5572 

5977 
6101 

6378 

6781 

39H 

4373 

4818 

5254 

5687 

6s" 

6923 

4501 

5017 

5530 

6032 

653' 

7009 

XI 

7956 

4587 

5113 

5635 

6148 

6636 

7'44 

81 10 

5212 

58II 

6406 

6990 

7570 

8127 

8677 

9230 

5304 

S9'4 

6520 

7115 

770s 

8273 

8833 

9396 

5976 

66^5 

7349 

8021 

8688 

933' 

9964 

10602 

6075 

6776 

7472 

8155 

8834 
9886 

9487 

10131 

10780 

6794 

7580 

8360 

9125 

10620 

"343 

12071 

6900 

7698 

8491 

926R 

10042 

10787 

11522 

11262 

7667 

255s 

9437 

10303 

1 1 164 

"995 

12814 

13639 

7780 

8681 

9576 

'0455 

11329 

I2I73 

13OOA 
14376 

1384' 

8593 

9591 

10581 

"553 

12521 

13456 
'3645 

15304 

8713 

9725 

10728 

11715 

12696 

'4578 

«55'9 

9573 

10687 

"79' 

12877 

13957 

15003 

16031 

1706R 

9700 

10828 

11948 
13069 

13048 

I4'43 

15102 

16244 

'7295 

10608 

11844 

'4274 

\l^l 

16635 

'7777 

18929 

10741 

"993 

'3>34 

'4454 

'6845 

18002 

19169 

11696 

1 3061 

14414 

'5744 

17069 

'8354 

19615 

20889 

11836 

13217 

14587 

15933 

17274 

18574 

19852 

21140 

12839 

'4339 

15825 

17288 

18744 

20158 

2 '545 

22946 

12985 

14502 

16007 

17486 

18959 

20389 

21793 

23210 

1403s 

'5677 

17304 

18904 

20499 

22047 

23567 

25102 

14188 

15848 

'7493 

19111 

.30734 

22290 

23827 

25578 

15285 

17075 

18849 

2050+ 

22333 

24023 

15681 

27355 

'5445 

17254 

19047 

20810 

22568 

24277 

35952 

37644 

16590 

'8534 

20461 
20667 

223^7 

24146 

26084 

27887 

29707 

'6757 

18721 

22583 

24491 

26349 

28169 

30007 

17948 

20054 

22140 

24'93 

26140 

28231 

30184 

32156 
32469 

18122 

2014B 

2235s 

24428 

26494 

28506 

30478 

2954 

2503 
2588 
3229 
3327 

4058 
4169 

4991 

5"5 
6029 
6166 

7170 
7320 

8416 
8579 
9765 
994' 
11218 
"407 
12776 
12978 

14437 
1165s 
16203 
16431 

1P072 
18313 
2004s 

20299 

221:3 

22390 
24304 

24564 

26590 
26883 
28979 
29285 

31472 
3«79' 
34070 
34401 


Skm. 

8^  X  6^.  Short  I>ec»  Torved  Ott. 

TIftcfc. 

A- 

r    \   nr       r 

H" 

r 

HT 

r 

ir 

*- 

A/«.4lt 

•>T» 

*7^     30.34     33^ 

316.60 

»-36 

4»M 

4^9* 

49.o» 

5»-«» 

d" 

UomtntM  of  iBcftU  Abooi  Axis  X-X  far  Vaiiom  DtnuMO  Buzk 

10  B»ck  of  A^ln,  Im.«. 

Moment  of  Inertia  of  Net  Area  =  Tabular  Value  X  Net  Area  +  Gross  Area  (appnai.)* 


■ 

^^    TABLE  34.— 

^s^m 

■ 

^M 

^^™ 

MOMEVTS  OF 

NZRTiA  OP  Four  Angles 

WITH  U 

NEQUAL 

Legs.  Axis  X-X. 

^^1 

Short  I.p.r.s  Ti 

RNED  Ol 

T. 

ir 

'"i" 

lIoMmoTIn 

! 

For  DlktAtic^a 

"LTx^-r-             ^—    '^'  «! 

Meuured 
frtim 

Sboit  Lcgi  Turned  Out. 

iUck  to  lUck. 

JL 

„.i 

SiK. 

V  X  6".  Short  EiCSi  Out, 

Thick. 

A" 

t** 

A" 

1" 

»r 

r 

ir 

r 

\r 

1*' 

A««4li 

»3-7» 

•7.O0 

y».«4 

33-44 

36^ 

39-7fi 

43^ 

45-9» 

49.<» 

53.00 

6r 

MomcBU  of  tnertu  About  Axis  X-X  for  V 

arious  DUlMnces  Back 

to  IUck  of  Anc^.  la.4 

ssr 

<7035 

19360 

2163X 

21836 

23886 

26103 

28312 

30464 

32573 

34704 

36771 

5^ 

17194 

19541 

24109 

26347 

28577 

30750 

3287B 

35029 

37116 

6oJ 
6oi 

18324 

20827 

23274 

25699 

28085 

30465 

32782 

35054 

37349 

39577 

18489 

21014 

23484 

25930 

2B338 

30739 

33079 

35371 

37687 

39935 

62\ 

62} 

19661 

"347 

24975 

27578 

30141 

32696 

35  "87 

37627 

40093 

41486 

1983 1 

22541 

25192 

27818 

30403 

33981 

35494 

37955 

40442 

42857 

64* 

21045 

239" 

26737 

29525 

32270 

35007 

37677 

40292 

42934 

45499 

64i 

21221 

14122 

26961 

29773 

32541 

35302 

37995 

40631 

43296 

45883 

66\ 

22476 

25550 

28559 

31538 

34472 

37398 

40252 

43048 

45874 

48617 

66 

22659 

25757 

28791 

3<795 

34753 

37703 

40581 

43400 

46248 

49014 

68 

*3955 

27232 

30441 

33619 

36748 

39869 

42914 

45897 

48911 

51838 

68 

M143 

27446 

30681 

33884 

37037 

40183 

43254 

46259 

49298 

52248 

70I 

25676 

18969 

32384 

35766 
36039 

39096 

42418 

45661 

48837 

52047 

55164 

70J 

29190 

32631 

39395 

42743 

46012 

493" 

52446 

55587 

;;! 

27056 

30759 

34388 

37980 

41518 

45048 

48494 

51869 

55280 

58593 

27256 

30987 

34642 

38261 

41826 

45382 

48856 

52255 

55691 

59029 

S| 

28883 

32838 

36714 
38846 

40551 

44330 

48101 

51785 

55390 

5903s 

62575 

30557 

34743 

42907 

46908 

50899 

54800 

58617 

62477 

66226 

78| 

32279 

36702 

41038 

45330 

49558 

53777 

57901 

61937 

66017 

69980 

Bo§ 

34049 

38715 

43291 

47820 

52282 

56734 

6108S 

65347 

69654 

73839 

82| 

88i 

35866 

40782 

4560J 
4797* 

S0377 

55079 

I^IZ' 

64361 

68850 

73390 

77«oi 

37730 

42903 

S3000 

57949 

62887 

67719 

72445 

77224 

81867 

39642 

45078 

50412 

5569' 

60893 

66083 

71163 

76131 

81156 

86038 

41601 

47308 

52907 

58449 

63909 

69359 

74693 

79910 

85185 

90312 

90* 

43608 

49591 

55463 

61273 

66999 

72714 

78309 

83780 

89313 

94691 

92 

45662 

51928 

58078 

64164 

70162 

76148 

820x0 

87742 

93539 

99173 

94 

47764 

56764 

60755 

67122 

73398 

79662 

85797 

91796 

97863 

103759 

96 

49913 

6349" 

70147 

7670-/ 

83256 

89670 

95941 

102284 

108450 

98{ 
too* 

51109 

59263 

66288 

73239 

80090 

86929 

93629 

10Q179 

106804 

"3244 

54^53 

61816 

69146 

76398 

83546 

90681 

97674 

104508 

114422 

118143 

lOll 

56645 

64423 

72064 

79623 

87075 

94513 

101804 

108929 

116138 

123145 

58983 

67085 

75043 

82916 

90677 

98425 

106020 

113442 

12095 1 

128251 

106) 

61370 

69800 

78082 

86275 

94152 

102416 

110321 

118047 

125863 

133463 

108} 

63803 

72569 

8118a 

89702 

98101 

106487 
110637 

114709 

122744 

130873 

138776 

no 

66284 

75392 

8434a 

93195 

101923 

119182 

127533 

13598X 

144195 

nji 

68813 

78269 

87562 

96755 

1058 18 

114867 

123741 

132413 

141186 

149717 

ii6i 

71389 

81200 

90843 

100382 

109786 

I 19176 

128386 

137385 

146490 

"55343 

74011 

84185 

94185 

104075 

113827 

123564 

133116 

142449 

151892 

161074 

Ii8| 

76685 

87224 

97';87 

107836 

117942 

128033 

137993 

147605 

157392 

166908 

7940* 

90318 

101049 

111664 

1221 29 

132580 

142835 

152853 

162990 

173847 

\ 

toment  of  Inertia 

of  N'el  Area  «  Tabular  Va 

luc  X  Nc 

t  Afca  + 

3foss  Arc 

a  (approx 

.). 
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TABLE  35. 
U'MKvr^  or  J%aniA  rjf  Fv-jt  Ajcgl£5  -mm  E^^ai.  Lcca,  Axis  Y-Y. 


hr^  Y-Y. 


ZltZ 


3'Ml 


f 


A   12.24 
I  ,  U-44 

In.      I     In.* 


10.5  10.7  ti.o  isM  \z/j  13.5 

ij.i  1^-5  14-O  15-O  i6,&  17.1 

17.7   15.7  i''/,j  iO.*i  fis-o  17.2  20.6 

l*f,4  I'y-O  19,7   2l/>  22.5   24-0 

2M  2iyy  22.<i  24-2  25.9  27.6 

2/>.H   2J.H  24,7  25//  27.4  27.2  31.2 

23.3    26.5  27.5  2^.5  30-5  J2-5  15'« 


i}x2jli 

1 


6.2    6.;    6.7    7-5     7.9    S.5 

7<&    6.1     6.5    9^    9.9  ia7 

7-9    9?    9-7  lo^i  H-o  11-9  1I-* 

&.OO     9.3    21^   II.5    11^   11.9    l|0    I5.I 

C.7<i  14-2  16.1  16.6  17.1  iS.i   19.2  aa; 

^.36  1%^  io.2  2a8  21^  22.7  24^  254 

9.92  21.S  24.3  23X)  25.7  27.Z  28.6  jas 

A  1148  254  28.6  29.5  3a3  31.1  34^  364) 

4  13.00  29.2  32.8  33.7  34.7  36.8  39U>  41.3 

A  14-48  32-8  37-0  38-1  39-1  41^  44.1  46.7 

I  «5^i  36.3  4»-2.4i-5  43-7  46.3  ,49-»  5*^ 


DiMaAce  bade  to  back  of  .AAgles  in  Inches. 


"J"! 


I*! 


7.7^> 

11.44 

13.24 
1^.00 
1/1.72 
I8.44 

»444 

16,72 
19.00 
21.24 


21.5 
26,7 

3J'1 
377 
43.1  . 
47.0 

54.5, 
62.7  ' 

73-*! 
H4.0- 
74.H 


24.3 
30.5 
3'i.7 
42.8 


i 

23.6 
17.7 

35.'* 
4<-7.   . 
47.8    47.0 

54.3     5S.7 

60.5, 

68.1 

79-5 ! 
70.7 

103. 1 


/< 


>l 


25.0 

31-3' 
37.6, 
43-9 
S0.3I 

57- i 
^'37. 


32.1 

38.6 

45', 

51.6 

58.6 
65-3  i 


62.1 

67-5'  70.9'  7a-3 
81. 1     82.7:  84.4 
72.8 1 
105.2 '  107.4  i*>i-'' " n i-o  1 14.2 


26.3 ,  26.9 

3*-9  337 

39.5  4O0  , 

46.2]  47-4! 

52-9 ,  54-3  ■ 

60.1  61.6 

67.0  68.7. 

73.8  75-31 

86.1 1  87.9 


27-4 
34.5 
41.6 
48.6 

557 
63.2 
70.5 
76.8 
89-7 


6x6x8 


96.71  98.6^100.6:1027 
116,5 

2|..(4  i  IOq.6    114.7    II7.I     117.5    122.0    124.5    127.0127,6 

;ii;yx>  1 116.4  126.3  127.0  131.6,114.4  137,1  140.0  142.8 

27.76    126,8   138.1  :i4i.o.l43.7|J46.7|JSO.Q|i53.o  156.2 

'-°  -  '  '  '119.8  iii.S  123.9  !25.9iz6,i 

37.8  142.2,1+4.6  147.0 '149.5 

65.3 '168. 


HxH.^1 


17.44 
20.24 

2}.00 

2H.44 
n76 

(K.72 

4.».(xj 

n-oo 

Wli 

,»M4 

i  42.12 

4*;  7^' 

1  M'n 
\  I  (0.00 


108.5 
1 26. 5 
144.6 
163.5 

IKI.H 
200.1 
217-6 

25^.6 

274.0 

42H.8 
471.K 
516.H 
(103.2 

^t«)'2.7 


x\  (rfi.72 '  7K0.H 


157.8,162.5  it»s.3;iOM.i '171-0 
I180.9.1S4.0  187.1  190.3  ,193,5 

I20I.2  ,104,6   20H.I3II.7    215.3 


,221.6   125-4 

H3-3  147-5 
'284.6  289-5 
J326.3  332.0 

415-9  k^T^i 
I462.4  {46H.1 
|5o8.8i?;i5,3 
.557.6  U64.7 
651. 1  65*). 4 


229.Z  233.2  237.1 

25i.7|as6.oii6o.4 

294.4  299.51304.8 
3377 134J.5  349^5 
379.1  IjSj.R  1388,7 

436.5  1431.8  437.3 


474.1  480,1 

511.8 '52R.4 

571-9 1579-1 
Uvj,\y  676.4 


-I  1748-4  75«-o  [767.8  7777 

I  1843.4 |H54J|86S.4|S76.6 

Kiiilit  of  (tyralioii  aNuil  Axiii  Y-Y.  »amc  as  given  in  table  of  Radii  of  Gyration  of  Two  Angles. 


4S6.2 

535-1 

5B£,.s 

G85.1 
787-7 
887,9 


28.9 

36.3 

43.7 

51.1 

58.5 

66.5 

74.1 

79-9 

93-3 

106.9 

121.3 

135.0 

I4»7 
162.6 

"3M 

176.8 

200.1 
222.7 

24s -3 

2694 

315-2 
361,6 

398-5 
448.4 

498-5 
548.8 
601.6 

7027 
80S.0 
910.9 


1  .„. 




1315.8 



141.4 

1 
146.2 

159.8 

165.2 

170.7 

182.8 

188.9 

«95.3 

206.9 

213.9 

221. 1 

2303 

238.1 

246.1 

2537 

202.3 

266.7 

278.6 

288.1 

297.9 

326. 1 

337.2 

3487 

374> 

386.9 

400.0 

408.5 

418.9 

4294 

4597 

471-3 

483.2 

SII.2 

524.2 

537^ 

^62.7 

577-0 

5917 

616,9 

632.6 

648.7 

720.8 

739-a 

758.1 

SzS.S 

850.1 

871.8 

934-5 

958.5 

983.1 

15 1.0 

X76.5 
201.8 
228.5 
254-4 
L  2757 
307.9 
360.3 
413-5 
440.2 

4954 
551-0 
606.6 
665.1 
777-3 
894.1 
1008.3 


88 


TABLE  ^. 

MoME!n-s  OF  Inertia  or  Foitr  Angles  with  Unequal  Legs,  Axis  Y-Y. 

Long  Legs  Out. 


Moments  vT  ItirrttA 

of  Koar  Anele*. 

Azi»  V-V. 

Long  Legs  Tiuncd  Out. 


L 

r 


J 
1 


For  Diitancet 
Measured 

from 

B«ck  to  Back. 


1(8 


In. 


"1^ 


In. 


6x4*1 


I 


r^8 


In.* 


DtatSM*  Back  to  Back  In  ludm. 


3-24     3-9 

4-i4i  5-2 
5.34  6.6 
6.20'  7.9 

7."1  9.3 

5-76,14.3 
7.13  18.1 
8.44I21.4 
9.72125.1 
11.0028.6 
6.76'2r.3 
8.3626.8 
9.92;J2.I 
37-5 
43.J 
48.6 
54.0 


114S 
13.00 
14.48 
«5-92 


46 
6-1 

7-7 

9.3 
10.9 
16.0 
20.2 
24.2 
28.2 
J2-3 
23-7, 
29.6  30.3 

35-4  56.3 
4»4 

48.9 

61.3 


A 

1 

4.8 

5.0 

6.4 

6.7 

8.1 

8-4 

9.7 

10. 1 

11.3 

11.U 

16.4 

16.9 

20.7 

21.3 

149 

25.6 

29.0 

39.8 

33.2 

34.1 

14.3 

24.8 

— — 

5-4    5 

7.2|  7 

9.1    9' 

10.9;  1 1. 

17.9  18 


6.2 


41.4 
47.7 
53-7 
59-9 


31.0 
37-2 
43-5 
50.  r 
S6.4 
61.7 


22.5 
27.0 

3"5 

36.1, 

26.1 

32.6 
391 


45-747 
53.755 
59.362 
65.9169 


.8 

.8    8.4 

.8|io.s 

.712.6 

■7  "4-7 

9;  19.9 

.8125.1 

•s!30.i 

■335-1 
.140.2 

.4I28.8 

•i|35-9 
.043.0 

•950.3 
.3J58.0I 
.2165.3 
.0,71.6 


In. 


3^^l\\ 


3i»3 


t 

t 

A 
A 
"  i 

5i3*A 
"    I 


Ib.« 


S.24 

6.48 
7.68 
8.8S 

10.00 

6.24 

773 

9.20 
10.60 

12.00 
9.60 
11.44 

13.24 
15.00 
16.72 
18.44 
H2O.I2 


Dlstancv  Buck  to  Back  in  lochct. 


9.0 

II. z| 
I3.BI 
16.0 
I8.3 
14.4' 

tS.o 

2I.6| 

25.2 

29.2 

53.3 
62.7, 

73-2i 

84.01 

94.0  101.8 
105.3  ">3'8 
115.9^125.2 


103 
13.9 

X57 
18.4 
31.01 
i6.i 
20.2 
24.3 
28.3 
3a-7 
56.3 
67.6 
79-3 
90.5 


10.6 

"33 

16.3 
19.0 
21.7 
t6.6 
20.7 
25.0 
29.1 
337 

57.4 
68.9 
80.S 

93.3 
103.8 
116. 1 
137.7 


ix.o 
13.8 

16.8 
19.6 
22.4 
170 
21  3 
257 
30.0 
346 
58.5 
70.2 
82.4 

94-1 

105.8 
118.3: 


11 
>4 
>7 
21 

24 
18 
22 
27 
3' 
36 

60 

73 

85 

97 

no 

123 


I        1 


12.5 
157 
19.1 
22.4 
35.6 
19.0 
23.91 
28.8 

33.5 
38.8 

63.2 

75.8 

89.0 

101.6 

114.2 

127.S 


130.2J135.3M40.6 


»33 

16.7 
20.3 
23.8 
27.2 

30.1 
25-2 
30.4 

35-4 
41.0 

65.6 

78.7 
92-4 
1055 
118.7 
'327 
1 46. 1 


la.> 


10.34 
12.20 
14.12 

16.00 
17.88 
19-68 
21.48 
23-24 

16.72 
19.00 
11.24 

2344 
25-60 
37.76 
3". 92 
36,00 

2372 
27.00 
30.24 

36.60 
39.76 

45-92 
52.00 


DiMuc*  Back  to  Back  oT  Aagica  in  lacfact. 


52.3 

62.7 

73.1 

84.0 

94.6 

105.0 

1 1 5.6 

126.8 

108.2 

126.1 

144.8 

162.9 

180.9 

200.1 

31S.I 

254.2 

292.8 

299.2; 
342.0 
386.3 
428.8 
471-2 
5H.O 
602.0 
688.0 


56.5 
67.8 
79.1 
90.9 
102.4 

"37 
125.1 

"374 

115.5 
134-5 
154.6 

i73-9 
193.* 
213.7 
233.0 
271.8 
311.6 


57.6 
69.2 
80.7 

92.7 
104.4 
"5-9 
127.6 
140.1 

117.3 

136.7 
157.1 

1A7 
196.3 

217.2 
236.9 
276.3 
317.S 


58.8 
70.5 

82.2 
94.6 
106.5 
118.3 
130.1 
143.9 
119.2 
139.0 
159-7 

179-6 
"995 
220.8 
240.8 
280.9 
333.1 

321.9 
367.9 

415.5 
461.5 
507-5 
553-8 
648.6 
741-8 


599 
71.9 
83.9 
96.4 
108.6 
120.6 
1327 
I  "45.8 
121.2 

162.3 
.182.6 
'102.8 
224.4 
2447 
,285-5 
,328.4 
325.8 

3724 
I430.6 
467.3 

5<3-8 
560.7 
656.7 
751.1 


61.1 

73.3 
85.5 
98.3 
110.7 
123.0 

1353 
148.7 

123. 1 

'435 
164.9 
185.5 
106.1 
228.1 
248.8 
290.2 
333-8 
329.8 
377-0 
14257 
'473.0 
1520.1 
Is67.6 
664.9 
,760.5 


62.3 

74-7 

87.2 
100.2 
1 13.9 

i2';.4 
138.0 
151.6 

135.1 
145.8 
167.6 
1B8.5 
209.5 
131.8 
152.8 
295.0 
339-3 
333-9 
381.6 
431.0 
478.8 
526.6 
5747 
6731 
769.9 


63.5 
76.2 

88.9 
102.2 
115.1 
127.8 
140.7 
154.6 

1 27. 1 
14M.2 
170.3 
191.6 
212.9 
235.6 
256.9 
299.8 
344-9 


337-9  I 
386.2  ' 
436.3 

4847 
533-> 
581.8 
681.5 

779-5 


65.9 
79.3 
92.4 
106.2 
1 19.6 
132,9 
146.2 
160.6 

i3i.3 
153.0 

175-9 
197.9 
219.9 

2433 

265.4 
309.6 
356.2 
346.2 
395-7 
447.0 
496.7 
546.3 
596.1 
698.5 
799.0 


354-7 
4054 
458.0 
508.9 
559-8 
611.0 
715-8 
81R.8 


363.3 
415-3 
469.3 

52"-4 

573-5 
636.0 

733.5 
839-1 


■  ft 


372.1 
425-4 
480.7 
534-2 

587.5 
6414 

75" -5 
859.8 


381.3 
435.8 
497-4 
547.2 
601.9 

657.1 
769.9 
880.9 


Radii  of  GyrAlkio  about  Axi»  Y^Y.  same  a<  given  in  tabic  of  Radii  of  Gyrallon  of  Two  Anklet 
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TABLE  17. 

or  FocK  AsoLts  with  Uscb^cju.  Ljkss.  Axb  Y-Y. 
Saomi  Lacs  Oi;t. 


il 


f 


I 
I 

I 

I 


t^izx 


i 


ii| 


U^ 


H 


u. 


I 


Bjt6x,\ 


1H 

S-»4 
6.  so 
y.ti 

7-12 

9-7* 
nx)o 


3-4 
4^" 

4^ 


I 


3-4 

4-3 


5.2 1  6.1 

Sx)!  9.6 

10.8,12^ 


6.76  9.l|io-5 
8.36:11.4  13  > 
9'9*|<37  i5-« 
11.48I16.1  11B.5 
i3.oo;i8.6  21.5 

I4-4«,"' 
15.93  aj-d 


in 


la.1 


10.24 
11,20 

1^12 

10,00 
17.88 
19^ 
*i.4» 
23.14 

14-44 

16.72 
19.00 

21.24 

*344 
25.60 
27,76 
ji.9* 
36.00 

23.7* 

27.00 

30*4 

36;^ 
3976 


244 

27-2 


A    I 


^J6 

ys 

4-5 

5-4 
64 

6.5 
8.3 

10.0 

11-7 

"35 

10.9 

13^ 
164 

19.2 
12.3 
25.3 

Z8.2 


*-? 

3-7 
4-7 

9j6 
104 
11.2 
14. 1 

11.3 
14-1 

17.0 

19-9 
23.1 
26.2 
29.3 


«        I 


$•0 
4-' 
5-2 

6.3 

75 

74 


3-3 

4-6 

s.« 

7-0 
8.2 


3.7 

64 
7-7 

8.7 


8.0 
94,10.2  11^ 

11.3  12.3,134 

"3-3  >4-5  15-7 
<5-4.i6.7ji8.J 

12.1  12.9  I3'S 
15.1  i6.2!i74 
|8.£  19.5  ,20.9 

21.4  22.9  24.6 

24.8^26.7  28.6 

28.2.30.2  32-4 

31.5  33.7,36.2 


"Si 
II 


JX2|xj 


3lx3xi 


i4 


u.« 


M8 

tOLOO 


•  1  * 

5.3'  6j 
6.6    7-8 

•■o  9-5 
9-5  "^ 
ia8  12^9 

6.24  9J0  104 

7-72  114  "3-1 

i  9.20  13.6  15.8 

ia6o  16.0  184 

12.00  18.6  114 


5i«A|  9.60  "-3  "32 

**  I    1144  13.6  16.0 

'  A  13.24  16.1   19.0 

'  {    i;.oo  18.5  21-8 

'  A  16.72  ii.o  24.7 

'  I    18.44  23.8  28.0 

'  H  >o.i2  264  31. 1 


'"^^  6.7 
8.1    8.5 

9^9  »0'3 

1 1.7  12.2 

134  14a) 

ia7  ti.t 

"3  5  <fo 

16.3  16.9 

19. 1  19.8 

22.x  23,0 

13-7  14.2  153'  "6.5 

166  17^,18.5  19-9 

19.7  204  22X>    23.7 

2J-6  25.5  i5-3  1 17-3 

25-7  26.7;2S.7]3<>-9 

29.1  30.2  32.6  35.1 

3'-3  33-6 .36-2   39J' 


7  3     7.9 

9.3  '  IOlO 
11.3  13.3 
IJl  14^ 
15.3    16.5 

11.9    J3.7 

15.0  f6kO 

18. 1  194 

21.2,32.7 
34.6' 264 


8.6 
loJ 

I  «^2 

I  iS-6 
■7-9 

t3-6 
17^ 
3a8 

*4-3 
it.s 

17-7 
214 
254 

29^3 
33* 

37.7 
4i-« 


Dituaoe  Bbdi  to  ftedt  at  AdkIci  la  laclKft. 


18.1 
21.7 
25.5 
294 
33.3 
3M 
41^ 
45-4 

31-4 
37i 
43-7 
49-3 
54.9 
61.3 

7«'9 
93.1 

136.9 

164.2 
1H2.6 
201.0 
119.6 


4592  158.5 
53.00  396.7 


34.6 
38.8 
33.3 
37.7 
43.1 
46.6 
SI.6 

36.0 
42.1 

4»7 

61.3 
684 

750 
88.5 

103.4 


21.0 
»S'3 
297 

38-9 
434 
48.0 

53-3 
37.0 

43-* 
50.0 

56.5 
63.1 

70,3 

77.1 

91.0 

106.3 


224 
26.9 
31.6 
36,6 

46.3 
SI,2 
567 

39-0 
45.6 
53.8 

S97 
66.6 

74.3 

96,3 
1134 

140.6  143,0 

160.9  163.7 
1R2.3  185.5 
202.8  206.4 
1223.5  2274 

144.3  1487 
287-8  293.0 

3307  3367 


2(7 

26.1 

30.6 

3SS 
40.1 

44.« 
49.6 
55.0 

38.0 

44-4 
514 
58.1 
64.8 
71-3 
79.3 
93.6 
«09.3 


±J. 


23.0 
27.8 
32.S 
377 
427 
47-7 
52.8 
58.5 

40.0 
46.9 

614 
68.5 
764 
83.8 
98.9 
115.6 


237 
28.6 
33.6 
38,9 
44.0 
49.3 
54-4 
604 

41.1 
48.2 
55.8 
63.1 
704 
78.S 
86.2 
101.7 
118.8 


145-5  "48.> 
166.6  169.5 
:i88.8 '192.1 


210.1 

23 « -5 
253.2 
298.3 
34^.8 


213.8 
235-6 
2577 
3037 
349.0 


14.5 
29-5 
34.6 
40,1 
454 
507 
56.1 
63.3 

42.3 
495 

57.3 
64.8 

72.3 

80.7 

88.5 

104.5 

123.1 

150.7 
172.5 
195-5 
217.6 
239.8 
262.3 
309.1 

355-4 


36.0 

3J.3 
36.8 
43.6 
48,3 
53.9 
597 
66.1 

44.6 

684 
76.4 
85.3 

93.5 
110.3 
138.9 

156.0 
178.6 
202.5 

225-4 

248.5 

371.8 
320.4 

368.3 


161.5 

184.9 

2097 
233-5 
257.4 
281.6 

33>-9 

381.7 


167.2 

191.5 
217.2 
241.8 
366.5 
2917 
343.9 
395.5 


173.0 

198.3 
234.6 
3504 
376.0 
302.1 
356.1 
409.6 


«79'« 
205.2 

232-7 
359.1 
385.S 
312.7 
368.8 
4*4^3 


Ridli  of  Cyralion  about  Axis  >'-K,  «nmc  as  given  in  Tabic  of  Radii  of  Gyration  of  Two  Angles. 
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TABLE  38. 
RADn  OF  Gyration  op  Two  Angles  with  Equal  Legs,  Both  Axes. 


Radii  oT  GyntloD 

of  Two  Ancle*, 

Equal  Lefs. 


For  IMsimncet 
Measured  from 
Ikck  to  Back. 


o  C 


!/:< 


In. 


23t2JtA 

■'t 


[».> 


Aiis  V-Y. 


DistADcc  Badt  to  Back  in  Incbo. 


14a 

1.88 
1.30 
3.71 
2.88 

3.56 
4.21 
4.86 
5.50 

6.12 

672 


.62 
.61 
.60 

•59 
.93 'r. 
.92  j I. 

.91  I. 
.91  li- 
.90  I. 
.89  I. 
.88  1. 


84  -93 
85-94 
861  .95 
88|  .97 

i5'i-34 
26,1.36 
271.37 
28  1.38 
29 1.39 
30  1.40 
3'''4' 


A  I  M  M  M  ^ 


•^3 


la. 


-95'  -99! 
-96'  .991 
.981.00I1 

11 


.991.01  I 

I.361.38  I 

1.38  1.40  I 

i-39l-4i;i 

1.40  1.42  1.47  1.52 


04  t.09'i.i4  2Uz)x} 
041.091.14      "    A 

05  i.io|i.i5      "    I 
071.1111.16     "    A 

43  i-48J.53'3Jx3J»i 
45  1-50  J-55 
461.511.56 


1.41 

1.42 
1-43 


"•43 1 : 

M5  I 
1.46!  1 


.481.53 
.501,54 
5'!'SS 


<-57 
1.58 
1.60 
1.62 1 


n 


t 


Ax»  V-V 


In. 


U* 


6i6x|  I 


Aa»  V-Y. 


DiitaM:c  Ikck  to  Back  DfAosIa  in  Inches. 


1.17 

2.18 
2.19 
2.20 
2.21 
2.22 
2.33 


3.88    1.25  1.66     1.75 

4.80    1.24  1.68     1.76 

5,73    1.23  1.68     1.77 

6.62    1.23  1.69     1.78 

7.50    1.22  1.7c     1.79 

8.36     1. 31  1. 71       1.80 

9.22    1.20  j  1.72     l.8t 

7.33    1.56  2.08 

8.36    1.5s  2.09 

9.50    1.54  2.10 

10.62     1.53  2.11 

11.72     1.52  2.11 

11.80     1. 51  2.13 

13.881    1.50  3.14 

8.7a    1,88  3.49 

10.11    1.87  3.50 

11.50    1.86  2.51 

13.86'  t.85  2.51 

14.22  I  1.84  3.53 

15.56!  1.83  3.53 

t6.88    1.83  3.55 

19.46    I.81  3.57 

33.00     1.80  3.59 

1.51  3.31 

3.50  3.33 

2.49  3-34 

24«  3-35 

3.47  3.36 

2.45  3.38 

a-44  3-40 

3.43  3.42 

MomcnU  of  Inertia  about 
Inertia  of  Fnur  Afiplrfi,  Tabic  3 


*  I 
8i8ii 

•  ft 


1550 
17.36 
19.22 

i  21.06 
22.88 
t  26.46 
I  30.00 
1J3346 


1.77 
1.78 

1.79 

1.80 
1.81 
1.83 
1.83 

1.19 

2.20 

1.31 
Z.32 
Z.23 
3.34 
1.35 


1.79 

i.So 
1.81 

1.82 

1.83 

1. 8s 

1.86 

3.32 

3,23 
3.33 

3.35 
3.26 
a.27 
3.28 
1.62 

3.65 

2.66 
3.67 
2.68 
2.70 
3.73 

346 
3-47 
3.48 
3-49 
3-5« 
3-53 
1:11 


t.82 
1.83 
1,84 

1.86 

1.87 
1.88 

2.24 
3.35 
2.36 
1.37 
2.28 
2.29 
3.30 
2.64 
3.65 
1.66 
3.67 
3.68 
3.69 
3.71 
1.73 
1.7s 

3-47 
3.48 
3-49 
3.50 
3-5« 
3-53 
355 

Mr. 


1.86 
1.87 
1.88 
1.89 
1.90 
1.93 
1.93 
3.38 

2.29 
2.30 
2.32 
2.33 

a-34 
2-35 
2.69 
2.69 
3.71 
3.71 
3.73 

2.76 
2.77 
2.79 

3-5^ 
3-53 
3.53 
3-54 
3.56 

3-57 
3.63 


1.88 
1.89 
1.90 
1-92 
1.93 
1-94 
"■95 
3.31 
3.33 

1-33 
2.34 

2.36 
2.37 
2.71 
1.73 
».73 
a.74 

3.76 

3.78 
1.80 
3.83 

3-54 

3.56 
3-57 
3.58 
3.60 
3.63 
3.64 


"■93 
"94 
1. 95 
1.96 

"•97 
1.99 

3.00 

a.35 
2.37 
3.38 

2.39 
2.40 
2.41 

2.42 

a-75 
3.76 

3.77 
2.79 
2.80 
3.81 
3.83 
2.85 
3.87 
3.58 

3-59 
3.60 
3.61 
3.63 
364 
3.67 
3.69 


2.80 
3.81 
2.83 
3.84 
3.85 
3.85 
3.88 
2.90 
2.92 

3.63 
3.64 
3.64 
3.65 
3.67 
369 
3-7" 
i:Zi 


— 



2.90 

2.94 

2.91 

1.9s 

2.91 

2.96 

2.93 

2.98 

2.94 

3.99 

3.95 

3.00 

2.97 

3-02 

2-99 

304 

3.01 

3.06 

3-72 

3-77 

3-73 

3.78 

3-74 

3.78 

3-75 

3-79 

3.76 

3.81 

3.7« 

v^^ 

3.81 

V86 

3.83 

3.88 

TABLE  39. 

Radii  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 

Long  Legs  Out. 


RadQ  oT  Gyration 

(rfTwo  Anglrf . 

Lonff  Leg!  Turaed  Out. 


'-^P 


3JC 


For  Dutmocea 
Measured  frvm 
Back  to  Back. 


r.< 


I 


Id. 


S3t3i«A 


6x4x1 


JO  8 

g  >  M 


Id.> 


i.6i 

2.12 

2.62 
3.10 
3.56 

2.88 
3.56 
4.22 
4. 86 
5-50 
3.38 
4.18 
4.96 

574 
6.50 

7.96 


AxU  Y-V. 


DisUnce  Back  to  Back  ia  Inches. 


.60    I 

.59    I 

.58 
.58 
•57 

•74 
.73 
■7a 
.71 
.70 

.89 
.89 

.88 

.87 
.86 
.86 
.85 


A  !  I  I  M  I  I  I 


.10  1. 19; 
.11  1.20! 
.121.211 

.13  1.22 

.58'i.67 
.6011.68 
.611.69 
.61 1 1.70! 
i.7i, 
1.87' 
1.88: 
1.89I 
1.90, 
1.92 
1.93 


62 

77 
79 
80 
81 
.82 
83 
84' '94 


1.22  I 

1.23  I 

1.24  1 
[.25  I 
1.26  I, 
1.69!!, 
1.70  I 

1.72  I 

1.73  I 
I-74J 
1.89'! 

1.90  I 

1.91  I 
1 .92' I 
1.941 
I  95  « 
1.96  I, 


241 

25  I 
261 
281 
29^- 
7VI 
7}|i 

74  I  ■ 

75  I 
761 

92  I 

93  1 

94  J 
951 
962 

9712 
98,2 


39|l.34 
30X36 

31  <.37 

321.3S 

33  1.39, 
76  1.81 
771.82 
791-84 
80,1.85 
81.  [.86 
96'2.oi 
972.02 
982.03 
992.04 

01  2.06 

02  2.07 

03  2.08 


1.3S 
1.40 
1.42 

«-44 

1.46 

1.86 
1.88 
1.89 
1.90 
1.91 
3.06 
2.07 
2.08 
2.09 
2. II 
2.12 
2.14 


08 


3xajxl 

■■t 
■  t 

3lx3xi 
"t 


rs 


In.* 


3.62 

3.14 
3.84 
4-44 

5.00 

3.12 

3.86 
4.60 
S.30 
6.00 
4.80 
5.72 
6.62 
7.50 
8.36 
9.22 
10.06 


AxU  V-Y. 


Diuaac«  Back  10  Back  la  Inches^ 


Mill 


1.311140 
1.32/141 
"■33  1-43 
<.34i.44 

1.52  1.61 
1.51  i.f  I 

1.53  1.62 

1.54  1.63 
i.S5|i.6s 

2.332.42 
2.34243 

2-35245 
2.36  2.46 

2.373.47 
2.39248 
2 .40 1 2.49 


14^145 
143I1.46 

1451.48 


1.46 
147 
1.63 
1.64 
1.65 
1.66 


149 
1.50 
1.65 
1.66 
1.67 
1.68 


1.68,1.70 

2.45247 
2.462.48 

2472.49 
2.482.50 
2.492,52 
2.512.53 
2522.54 


1 .50'  I 
1-511 
1.53  I 
1-54  ' 
"•55, 1 
I -70;  I 

1.71  t 

1.72  I 
1-73  < 

2.52*2 

2.532 
2.541 
2.552 
2.572 

2.5S,2 

2.592 


.55  1-59 

.56;  1.60 

.58  1^2 

.S9|t.64 
.601.65 

.75|l-79 
.761-81 
.771.82 
.781.83 
.801.S5 

571 2.62 
.^8.2.63 
.59J2.64 

.61,2.66 
.63'2.68 
.642.69 


^^1 


ID.S 


5.12 

6.10 

7.06 
8.00 

8.94 
9.84 

10.74 
11.62 

7.22 
8.36 
9.50 
10.62 
11.72 
12.80 
13.88 
15.96 
18.00 
11.86 
13.50 
15.12 
16.72 
18.30 
19.88 
22.96 
26.00 


1.03 
1.02 
1 .01 

l.OI 

l.OO 

•99 
.98 
.98 

1.17 
1.16 

>-J5 
1.14 
1.13 
i.<3 
1.12 
I. II 
1.09 
1.80 
1.79 
1.78 
1.77 

1-77 
1.76 

1.74 


Axi.V-Y. 


Diftanoc  Back  to  Back  of  Angles  In  I  nches. 


2.26 
2.27 
2.28 

a.  29 
2.30 

2.31 
2.32 
2-33 
2.74 
2.75 
2.76 
2.77 
a.78 

2.79 
2.80 

2.82 
2.85 

3.55 
356 

3-57 
3.58 

3.60 
3.62 
3:64 


2.35 
2.36 

2-37 
2.38 
2.39 
2.40 
241 
243 
2.83 
2.84 
2.85 
2.86 
a.87 
2.89 
290 
3.92 

2-95 


2-37 

2.39 

2.38 

2.40 

2-39 

241 

241 

243 

2.42 

244 

243 

245 

2.44 

2.46 

2.46 

248 

2.8? 

2.87 

2.86 

2.88 

2.88 

2.90 

2.88 

2.91 

2.89 

2.92 

2.91 

2.94 

2.92 

2-95 

2.94 

2.97 

2.97 

2.99 

3.68 

3.69 



3-71 



3-71 

— , — 

3.72 

..._... 

3-73 

«..-.-. 

3.76 

..._., 

3.78 

242 
243 
244 
245 

2.46 

248 
249 
2.51 
2.90 

2.91 
2.92 

293 
2.94 

2.96 

2-97 
2.99 
3.02 

3.71 
3.71 
3-73 
3-74 
3-75 
3.76 
3.78 
3.80 


244 

245 
346 
248 
2.49 
2.50 
2.51 
2-53 
2.92 
2.93 

2-96 
2.97 
2.98 

2-99 

3.01 

304 
3-73 

3.74 
3.75 
3.76 

3-77 
3.78 
3.81 
3.82 


247 
248 
249 
2.50 
2.51 
2.52 
2-53 
255 
2.94 
2-95 
2.97 
2.98 
2.99 
3.01 
3.02 
304 
3.07 

l'^ 

3-77 
3.78 

3.79 
3.80 
3.83 
3.8s 


249 
2.50 
2.52 
2.53 
2-54 

2.56 
2.58 

2.97 
2.98 
2.99 
3.00 
3.01 
3-03 
1304 
3.06 
3.09 

3-77 
3.78 
3.80 
3.81 
3.82 
3.82 
3-85 
3.87 


2-54 

2.56 
2.58 

It 
2.61 
2.63 
3.01 
3.02 
3'<H 

iS 

3.08 

309 

3.11 

3.14 

3.82 
J.83 
3.84 

385 
3.86 
3.87 
3-90 
3.9a 


387 
3.88 

3.89 
390 

3-9» 
3.92 

3-95 
3-97 


3.91 
3.92 
3-94 
3  95 
3.96 
3-97 
399 
4.03 


t\         ti 


39« 

3-97 
3-99 
4.00 
4.01 
4.02 
4-04 
4-07 


4^1 
4-0* 
4-03 
4tH 

4.05 
4-06 
4.09 

4-" 


Moments  of  Inenia  about  Axis  Y-Y  equal  one-half  of  values  gtreo  in  Table  of  Momcnti  of 
Inertia  of  Four  .Aagtes,  Tabic  36. 
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TABLE  40, 

Radu  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 
Short  Legs  Out. 


Radii  of  GyrmtUM 

of   Two    MglKM, 

Shert  Lest  Tnraed  Oat. 


X — 


r 


Par  Dhunces 
Measured  from 


•3t 
«5< 


In. 


"1^ 


m 


AxU  Y-Y. 


DiMABCa  Back  lo  Back  la  Inches. 


79 

.78 
,78 
77 
.76 

[.12 
[.II 


1.62 

2.12 
2.62 
3.10 
3.56 

2.88' 
3-56, 

4.86;i.09 

3.38'i.28 

4.i8'i.27i 

4.96:1.261 

S74I.25' 
6.5o;i.25'i 

7-961  as  I 


.90 
.91 
•93 
•94 
•95 
1. 06 


.68 

.89 

.91 

.92 

•93 
..  1.04-  - 
.96jix>5  1.06 
,97'i07li.09 
.98  1.07  1. 10 
.99  tx>8  i.ii 
.16  1.24I1.27 
.1711.25!!. 28 
.17  1.26J1.28 
.18  1.27  1.29 
.20  1.2S  1.31 
.21:1.301.32 
.32,1.3111.33 


•9» 
•93 
•95 
.961 

.97|« 
1.09,1 
1. 10, 1 
I. II  I 


— — 
.9611.02 
.981.04 
.001.05 
.01;  1.06 
.02,1.07 
.131.18 
.151. 20 
.16.1.31 
,171.22 
.1811.23  1^9 
.341.38  1.43 

.35  1.391-W 
.36,1.40145 


1.07 
1.09 
1. 10 

MI 
r.13 
1.23 

t.26 

1.27 


1.12 
I.I3 

1.29 
I  30!  I 
1 .3  I  I 

i.32I.36;i.4i|m6 

1.33  i-38'i43  "-48 

i-35"-40|'45;'SO 
I.36|i4i|i.46!i.5i 


■S3 


3"bl 

"•t 

"H 


•I    D   Z 


la.* 


2.62 

3^24 
3.84 

444 

S.00 

3.12 
3.86 
4.60 
530 
6.00 

4.80 

5-71 
6.62 
7.50 
8.36 
9.22 
10.061 


AkUY-Y. 


DUtJiACc  tlack  t»  Back  in  Inches. 


.95.1.00 
.94  1.01 1 


i-o9;i 

I.IOil, 


93,1.021.11  I. 
1. 12  I. 


1.03 
1.04 
1.20 

1.22 
1.33 
1.23 
1.24 
1.09 
1.09 

1. 10 

1. 11 


58  1.12 

57<-U 


11  1 

12  t 

'*> 
>5i 


HIM 


1.14 1. 16.1 

1.291.31 1 
1.30 1.32 1 
1.31 1 

l-33ii 
<-33j> 

1.17  I 

1. 18  I 
1.20, 1 

....|. 

1.22  I 

I.23'l 
l.34fl 


.13 1.18 
.141.19 

.16  I.3I 
.17  1.22 
18  1.23 

•331-38 
•351.39 


1.23,1.28 
1.241.29 
I.26JI.3I 

>-27'-33 

1.18  1.34 

1-431.48 


33 

34 

36 

20 

,2,|. 
,22|1 
■33  I 
,24  I 
.261 
,37!  I 


»-44 

.36:1.40145 

1.46 


37,1-41 

39,»-43 
22  i.z6 
.23li-27 
.24!  1.39 
,25!  1.30 
,26  1.3 1 
281.33 
39il.34 


149 

1.50 
1.51 


M81.53 
1.31  1.36 


1.32 
'■34 
i-J5 
1.36 

1.38 


1.37 
1.39 
140 
1 .41 
M3 


X-39ii.44 


In. 


5X3ixi 


S.I2 
6.10 
7.06 
8.00 

8.94 
9.84 

10.74 
IX.6I 


««4xl 


8i6x 


7.22 
A   8.36 
i     950 
\  10.62 

11.72 
I  12.80 

15.96 

I    l8xx> 
Aif.86 

rnso 
I15.12 
16.72 
118.30 
{19.88 
I22.96 
126.00 


A«U  V-Y. 


t>tttancc  Back  to  Back  of  Ancles  m  locbe*. 


I.61 

1.60 

I.S9 
1.58 

1.56 
1.56 
>-S5 

1.93 
1.92 
1.91 
1.90 
1.90 
1.H9 
1.88 
1.86 
1.8S 

2.57 
2.56 

2-55 
2-54 
2-54 
2.53 
2.51 
2.49 


1.33 
1-34 
1-35 
1.36 
1.37 
I^38 
1.38 
1.40 
1.50 
1.50 
1.51 
1.52 

1-53 

1.56 
I.5S 
t.6o 
3.31 
2.32 
a-33 
3.34 
3.34 
a-3$ 
3.37 
2.39 


1.41 
1.42 
1-43 
t44 
«-45 
1.46 

1-47 
X49 
1.58 
J. 59 
1.60 
X.61 

1.62 

1.63 
1.64 
1.66 
1.69 


A    I    I     I    A 


1.43 
1.44 
1.45 
1.47 
1.48 
1-49 
150 
1.51 
1.60 
1.61 
1.62 
1.63 
1.64 
1.66 
1.67 
1.69 
1.73 


146 
46 
47 
49 
50 
5" 
S» 
54 
63 
63 
65 
66 
67 
68 

69 
7' 
74 
43 

2.46 
246 
a-47 
348 
3.51 
1-53 


148 
1.49 
1.50 
1.51 
"•52 
>-53 

\:lt 
\^ 

1.67 
1.68 
1-69 
1.71 
1.72 
1.74 
1-77 

MS 
246 
3.48 
3.49 
i.49 
2.50 
3.53 
1-54 


1.50 

1.53 

1-55 

i-Si 

t-S3 

1.56 

1.53 

"54 

1-57 

»S4 

1.56 

1.58 

1.55 

1-57 

1.59 

1-56 

1.58 

1.60 

1.57 

1.59 

1.62 

i'S9 

1.61 

1.63 

1.66 

1.69 

1.71 

1.68 

1.70 

1.72 

1.69 

1.71 

"-74 

1.70 

1.72 

»75 

1.71 

i^73 

1.76 

1-73 

\'ri 

177 

»'74 

J-79 

1.76 

179 

1.81 

X-79 

I.B2 

1.84 

a-47 

349 

3.53 

348 

2.51 

2.53 

1.50 

2.53 

2.54 

as  I 

3.53 

3.55 

2.53 

254 

2.56 

3.52 

2*55 

2-57 

2-55 

2.57 

2.59 

2-57 

2.59 

2.62 

1.59 
X.60 

1.63 

1.63 

[^ 

1.67 
1.69 

1.76 

«77 
1.78 
1.79 
t.8t 
1.82 

\^ 

1.89 
3.56 
2-57 
2.59 
2.60 

2.6t 

3.62 

2.64 
2.66 


i    -1 


2.6x 
3.62 

2.63 
3.64 

3.6s 

3.66 

3.69 

2.71 


2.66 

2.66 
2.68 
2.69 

2.70 
2.71 
3.7- 


1.76 


3.70 
2.71 
2.73 
3.74 
27s 
2.77 
3.79 
3.81 


3.76 
2.77 
2.79 
3.80 


Momcnti  of  Inertia  about  Axw  X-)' equal  one-half  of  values  given  in  Table  of  Momenta  of 
Inertia  of  Four  Angles,  Table  37.  
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TABLE  41 
Sate  Lxuds  or  Sobox  Avgls  Snrts 

Eqcu.  Lmc  Asgclcs 
Ameucas  Buixz  Compajtt  Staxdacds 


fi^  kadi  3a  tl»w»Si  4#  poMdf  far  icMl 

1 

To  lift  ctf 

ksn- 

BKnJ 

taB«r  ivdo 

- 

Toritfgrf  kffMVT 

fiieia 

tesflf  U*»aac 

'^» 

filK       Tkkteoi 

La^aFcct 

ladkv         ladhn         »          4          $ 

6 

7 

ft 

9          le    ,    iz 

u 

U          14          15 

lV/l\           A            4 

fixii       A    -    f 

! 

4 
5 

1 

* 

1  X* 
»|Xi| 
J  XJ 

3lX3i 

4  X4 

5  X5 

6  X6 

I 
I 

\ 

7 

7 
9 
II 

10 



i 

■"""i'*''" 

1 

t"    ' 

I 

5 
7 
8 

4 

1 

1 

i :  "<  " 

1 (          r 

8 

i        1    i 

8 

,  1 

It          tf            o 

t 1 

17 

21 

i5 

28 
26 

31 
35 

31 
37 
42 

48 

71 

Co 

70 
80 
89 
98 

15 
18 
22 
25 

23 

28 
32 

28 
34 
39 
44 

46 

67 

I^ 
76 
85 
93 

II 
!l 

18 
21 

21 

:i 

26 
31 
35 
40 

42 
*? 

89 

1 

I 

11 

12 

1 

II 
'3 
>5 

18 

18 

22 
25 

23 

27 

l6 

39 
45 

52 
58 

51 

59 
67 
75 
83 



i 

1 

; 

1 

: 

. 

i 

I 

1 

11 

18 

16 
19 

21 
21 

\t 

32 

36 
42 

47 
S3 

*! 

63 

7« 
78 

1    .... 

J 

i 

15 

18 
21 

24 

1 

1 

18 
21 

24 
28 

33 
38 
43 
48 

45 

52 

II 

73 

24 
27 
31 

35 

21 
24 

27 
30 

30 

35 
39 
44 

42 
49 

II 

68 

27 
31 
35 
39 

39 
45 
5« 

30 
34 
39 
43 
48 

27 

3" 

35 
39 
43 

36 
42 

47 

1^ 

33 
38 
43 
48 
53 

Note:  The  values  In  this  table  h 
t<-ncr|  by  iKith  Ieg».— M.  S.  K. 

lave  be 

>en  cal 

culatei 

d  on  the  assumpUc 

>n  tha 

t  the  angle  is  fa*- 
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h 

f 

1 

TABLE  42 

1 

1 

F 

■ 

■ 

r 

^ 

Safe  Loads  of  Single  Angle  Struts 

Unequal  Leg  Angles 
American  Bridge  Compamy  Standards 

1 
1 

S»|e  load*  to  Uwusandi  of  poundt  for  leaA        >^ 
radius  ai  g:yration 

-.. 

To  Wt  o(  bravy  line  vaJuc*  of  l/r  do  not 

Mtred  us 
To  riKbt  of  heavy  Une  values  of  l/r  do  not 

exceed  150 

p  ■  10,000      70  i/r 

^ 

Sue        Thfcknwi 

LenfithlnFect 

Incbe* 

Inch«« 

.1 

4 

5 

6 

7 

B 

9 

10 

11 

13 

ij 

2  Xl| 
2iX3 

3  X2 

3  Xa» 

3iXiJ 
3JX3 

4  Xj 

s  xji 

6X+ 

t 
i 

i 

I 

s 

8 
II 

J3 

la 

IS 

:i 

11 
16 

14 

»3 

27 

l6 
as 

is 

39 

3a 
39 

4S 
SO 

47 

II 

70 
77 

1 

8 

I 

7 

8 

10 

]o 

12 

13 
16 
18 

U 
>7 

31 

ai 

a4 

28 

3a 

23 

a7 
3" 

35 

30 
35 

J6. 

44 
SI 

^s 

7« 

1 1 

8 
It 
12 

10 

11 
"4 

13 

la 
15 

i7 

IB 

31 

It 

a3 
a? 
31 

a? 
31 
37 
4a 

4> 

47 

53 
59 
6S 

ij 

IS 
17 

30 

15 
17 
30 
33 

IS 

18 

31 

a4 

17 

30 

33 
36 

a4 

3g 
33 
37 

37 
43 
49 
54 
59 

13 

\t 

18 

18 

32 

as 
28 

'    '  *' 

11 

31 

a4 

21 

as 

39 

33 

34 
39 
44 
49 
54 

23 

36 

30 

34 

30 

30 
3S 
39 
44 
48 

27 
31 
35 

J  2 

4A 

4. 

Note:  The  valuer  In  this  Uble  have  been  calculated  on  the  assumption  thai  the  angle  U  fa«- 

irnril  l.y  Iioth  Icg». — M.  S.  K. 
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TABLE  43 

Safe  Loads  of  Two  Angle  Struts,  Axis  i-i 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Turned  Out 

American  Bridge  Company  Standards 


Safe  toads  in  thousands  of  poandi  with 
respect  to  axis  i-t 

p  —  16.D00  —  70  I/r 


1-== 


=^l 


To  left  of  heavy  Uoe  value*  of  lA^  do  not 
To  liKht  of  heavy  line  value*  of  1/r  do  noc 

OCCCd  ISO 


TABLE  iS.^Continued 

Safe  Loads  op  Two  Angle  Struts,  Axis  i-i 

Equal  Leg,  and  Unequal  Leg  with  Long  Leg  Tueneo  Out 

American  Bridge  Company  Standards 


Safr  loads  tn  chousuidt  of  pounds  with 
icsp<s;t  tooxia  i-l 

p  »  i6.ooa  —  70  1/r 


To  U?ft  or  heavy  line  valuet  of  l/r  do  not 

exceed  1J5 
To  right  of  heavy  line  values  of  l.'r  do  not 
exceed  150 


tn. 


4X4 


5X3 


SX3i 


5X5 


6Xli 


6X4 


6X6 


II 


SI 


.S!j| 


Lb. 


1.80  16.4 
l.Bi|l9.6 
1.83,23.6 
1 .84!  25.6 

24716.4 

2.48  19.6 
249' 22.6 
2.50J25.6 


2.4017.4 
240  30.8 

24.0 
27.2 
30.4 

36/> 


2.41 
2.43 
»-44 

2.46 
2.48 


2.22 
2.23 
2.24 

2.9s 
2.96 
2.98 
3-0O 

2.87 

3. 

2.90 

1.91 

3.93 

a. 93 

3.94 

2.62 
2.63 
2.64 

2.65 
2.66 
2.67 

2.68 


39.6 

24.6 
28.6 
32-4 

23,4 

27.0 
30.6 

37.8 

34.6 
28.6 

31-4 
36.2 

40.0 
43.6 


ln.« 


Lencth  Ui  Feet 


29.8 

34-4 
39.2 
43.8 
484 
S3.0 
574 


4.80 
572 
6.62 
7.50 

4.80 

5.72 
6.62 
7.50 

6.10 
7-o6 
8.00 
8.94 
9.84 
10.74 
11.62 

7.22 
8.36 
9.50 

6.84 

7-94 
9.00 
n.io 

7.22 
8.36 

9-50 
10.63 
11.73 

12.82 


152 

167 
183 
47,2  13.88  198 


163  158 


99 

"5 
131 

98 
"4 
139 
1 59 


61 
73 
85 
96 

65 
78 
90 
102 

69 

83 
96 
109 

133 

134 
146, 


97 
112 

127 

96 
111 
136 
156 


»03 
119 
136I133 


8.72123 
10.12  143 
1 1.  SO  162 
I2.86|i8i 
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TABLE  44.— Continued 
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TABLE  44. — ConHnued 

Safb  Loads  of  Two  Angle  Strots.  Axis  a-i 
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American  Bridge  Company  Standards 
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57 

1-97 

SoA 

50 

4^«7 

Jl 

3l 

:1 

■  1 

^A 

U 

A 

iH 

9.9 

143 

50 

1.88 

4fA 

45 

44^ 

]!1 

3lt 

t 

<A 

■  H 

H 

» 

lU 

fi.l 

1.36 

4-J 

1-78 

40A 

40 

3.9+ 

iJ 

3l 

>i 

u'. 

■  Jl 

« 

» 

lAV 

6.6 

1.39 

1.S 

r68 

35A 

35 

3  44 

3.V 

3A 

1: 

',\ 

1:1 

H 

H 

>H 

5  = 

1.13 

3-0 

i.to 

30A 

30 

1.00 

3i 

3t 

'Ii 

i 

>H 

\l 

It 

il! 

41 

I.!6 

as 

LSI 

z<,\ 

1^ 

2iV 

*: 

il 

i\ 

J! 

111 

i\ 

Ii 

t,'^. 

^■5 

1. 01 

I.S 

1-3} 

20A 

20 

z.oo 

ii 

2i 

iH 

H 

iH 

A 

* 

•a 

1-9 

0.99 

1.4 

1.17 

(^,A 

irr 

I";? 

t\ 

»I 

tli 

w 

111 

I 

A 

nil 

T-2 

0.89 

I.O 

lis 

UA 

14 

1,34 

1.'. 

Jr"* 

i(V 

1 

lA 

H 

1 

w 

0,76 

075 

073 

1,0^ 

liA 

u 

l.tH 

I 

1 

1 

A 

.A 

H 

A 

II 

0.66 

07s 

0.63 

0.96 

loA 

to 

>3 

■: 

it 

Ii 

!l 

H 

A 

1: 

0,40 

0.6s 

046 

as; 

HA 

H 

0.77 

h'i 

h*. 

11 

U 

H 

A 

A 

u 

0.36 

0.58 

0.31 

07> 

106 


■ 

■ 

■M 

TABLE  SO. 

■ 

■ 

^ 

Elements  of  Carnegie  Bitlb 

Beams 

n 

<f 

1 

i — 

1 
— r* 

i 

Depth 

Wt. 

Ana 
of 

Width 

Thick. 

1                     Axis  i-i. 

Ajlfa»-3. 

J 

Beam. 

Sec- 
tkm. 

Fteaie. 

of 
Web. 

2 

r 

s 

X 

1 

r 

S 

y 

m 

In. 

Lb. 

In.i 

In. 

In. 

In.« 

In. 

la.* 

In. 

Ia.« 

In. 

la.< 

In. 

lO 

36.6 

10,62 

5.500 

0.625 

140.4 
n8.6 

3.64 

253 

4-45 

7.6 

0.84 

1,8 

2.75 

lO 

28.1 

8.12 

5-250 

0.375 

3.82 

20.7 

4.2a 

6.3 

0.88 

1-4 

2.6^ 

9 

30.1 

8.83 

5.125 

0.563 

95.8 

3-29 

iy.4 

4.06 

54 

0.78 

3.1 

2.i;6 

9 

243 

71S 

4938 

0.375 

84.0 

3.43 

16.6 

3-95 

4.6 

0.80 

1-9 

3,47 

8 

i4a 

7.II 

5.156 

0.469 

62.8 

2.97 

14.I 

3-54 

45 

0.79 

1-7 

!.<,% 

B 

20.0 

5.86 

5.000 

0.313 

55.6 

3.08 

12.2 

3-43 

3-9 

o.8z 

1.6 

2.50 

7 

J3-3 

6.85 

5-094 

0.531 

45-5 

2-57 

11.7 

3.11 

4-3 

0.79 

1-7 

2-55 

7 

18.1 

5.32 

4-875 

0.313 

38.8 

2.70 

9.7 

2.98 

3.6 

0.82 

^S 

2.26 

6 

172 

5.00 

4-5H 

0.430 

244 

2.20 

7-2 

2.61 

2.7 

0.73 

1.2 

6 

140 

4.11 

4-17? 

o.zSi 

21.6     2.28 

6.1 

2.46 

2.2 

0.72 

1.0 

2.19 

TABLE  5L 

• 

M 

Elements  0 

F  Carnegie  Btxs  / 

Angles 

H 

' 

> 

r 

IVpUi 

Wl. 

Am 

si. 

IkM. 

width 

Thick- 

Axis  i-t. 

Asi»j-J. 

of 
Beam. 

I^u 

of 
Flange. 

Web. 

1 

I 

r 

S 

X 

I 

r 

s 

y 

In. 

Lb. 

I«.i 

la. 

in. 

la.* 

In. 

ln.l 

In. 

In.< 

In. 

In." 

In. 

lO 

32.0 

9.41 

3.500 

0.625 

116.0 

35< 

21.6 

4.6a 

6.2 

0.82 

n 

0.77 

lo 

36.6 

7.80 

3500 

0.484 

104.2 

3.66 

19.9 

4.7s 

5.0 

0.80 

0.72 

9 

ai.8 

6.41 

3500 

0.438 

69.1 

3-33 

J4-5 

4.21 

43 

0.82 

J-5 

0.72 

8 

"93 

5.66 

3-500 

0.406 

4B.8 

2.95 

11.7 

3.83 

3-7 

0.81 

1-3 

0.71 

7 

20.0 

S.8I 

3.000 

0.500 

36.6 

2.51 

10.0 

334 
336 

2.9 

0.71 

13 

0.70 

7 

18.3 

5J7 

3000 

0.438 

34-9 

2.56 

9.6 

2.6 

0.69 

I.I 

0.68 

7 

16.1 

47t 

3,000 

0.344 

32-J 

2.6f 

8.7 

330 

2.7 

0.76 

1.2 

0.72 

6 

<7-3 

S.06 

3.000 

0.500 

239 

2. 16 

7.6 

2.84 

2.5 

0.70 

l.l 

0.71 

6 

15.0 

4-l« 

3.000 

0406 

21.1 

2.19 

6.7 

1^ 

2.3 

0.72 

I.O 

0-69 

^^1 

6 

13.8 

404 

3-000 

0.375 

20.1 

2-21 

6.6 

1.9 

0.69 

o.Bz 

0.65 

■ 

6 

12.4 

3.62 

3.000 

0.313 

18.6 

2.28 

5.7 

2.71 

1.8 

0.70 

07s 

0.64 

^ 

5 

10.0 

2.94 

a.500 

0.313 

10.2 

1.86 

4-> 

2.49 

0.95 

0.57 

049 

0.57 

1 

4 

M3 

4.21 

3.500 

0.500 

8.7 

"4t 

3.7 

1.65 

3.9 

0.96 

15 

0.99 

1 

4 

119 

f4H 

1.?oo 

0.17; 

70 

i.;o 

VC 

1.77 

M 

0.(^4         11 

O.CH 

1 

107 

■ 

1 

TABLE  5Z 
Elehemts  or  Caxxecxe  H  Beams. 


J 

. 

H 

Depth 

M 

Beun. 

Wt. 
Lb. 

Am 
of 

Src- 
tkm. 

Width 

of 
Flaiwe. 

1^ 
Web. 

Axbi-i. 

Ajtea-« 

I 

r 

s 

I 

' 

s 

la. 

In.* 

bi. 

la. 

Ia.< 

la.     1    la.* 

Ia.« 

la.     1     1...    1 

8 
6 
5 

23.8 
18.7 

n.6 

IOX)0 

7X)0 

5.50 
4M 

8x> 
5-0 

4^ 

•375 
•3U 
.313 
.111 

x'S-4 

13.8 
10.7 

SAO 
3.S4 
2.08 
I.6J 

Z8.9 

9-5 
53 

35i 
14-7 

'4 

1.87 
M5 

I.30 

8.8 

108 


^ 

^^^^^1 

Carnegie  Trough  Plates. 

1 

^ 

Elements  of  Troucb  Plates. 

Sbde  SecUoo, 

Rlv«tedS( 

<ctioa. 

Srctlon 
Index, 

]ochM. 

WeiBht 
per  Fool, 
Foundi. 

a. 
Inche*. 

d. 
Inches. 

Wciftht  per 

Square  Foot. 

i'DUDdS. 

Section 

Modulus,  One 

Foot  Width. 

Ii»clie««. 

M14 

9iX3l 

33-3 

8 

6i 

34.8 

15.58 

M  ,3 

9iX3l 

31.4 

8 

6i 

32.1 

14.28 

Mia 

9JX3I 

197 

8 

6i 

29.6 

13.00 

M  ij 

94X3J 

18.0 

8 

6i 

27.0 

11.79 

• 

Mio 

9lX3l 

.6.3 

8 

6 

H-S 

10,69 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 

Fctt. 

Fiber  ScrcH.  16,000  Lbt.  per  Sq.  in. 

Fiber  SlnM.  13.000  Lbs.  perSq.  In. 

MM 

Utj 

M  1* 

Kit 

M  10 

M  t4 

Mij 

M  IS 

M  tl 

M  10 

5 

6647 

6093 

SS47 

5030 

4S6l 

4986 

4S70 

4160 

3773 

3421 

6 

4616 

433' 

3852 

3493 

3167 

3462 

3173 

2889 

3620 

3376 

7 

3392 

3109 

2830 

2567 

2327 

2543 

2331 

2124 

1925 

1745 

8 

1597 

3380 

3167 

1965 

1783 

1948 

1785 

1635 

1474 

1336 

9 

iOJl 

1880 

1712 

1553 

1408 

1539 

1410 

1284 

1164 

1058 

10 

1661 

1513 

1387 

1158 

1140 

1246 

1142 

1040 

943 

855 

11 

1371 

1259 

1146 

1039 

943 

1030 

944 

860 

780 

707 

11 

I! 54         "058 

963 

873 

792 

866 

l^^ 

722 

655 

594 

13 

983 

901 

831 

744 

67s 

73  » 

676 

615 

558 

506 

M 

848 

777 

707 

642 

SH2 

636 

5**3 

^V 

481 

436 

15 

739 

677 

616 

559 

507 

554 

509 

462 

419 

381 

16 

649 

S9S 

^v- 

491 

445 

487 

446 

406 

368 

i^ 

17 

575 

517 

480 

435 

395 

431 

395 

360 

328 

18 

513 

470 

428 

388 

352 

385 

353 

321 

291 

364 

19 

460 

42^ 

384 

349 

316 

345 

^t 

188 

261 

237 

ao 

4«5 

381 

347 

3  "4 

285 

3«2 

386 

260 

236 

at4 

■ 

The 

values  given  in  above  tables  are  the  safe  load*  per  sauare  foot  of  floor  surface  and  art 
on  the  average  miatancc  of  the  riveted  portion  within  diiunce  a. 

based  up 

The 

weight  of  the  plate*  arc  included  in  the  safe  loads  and  must  be  deducted  to  obtain  the 

net  supei 
Safe 

■imposed  safe  load, 
loads  for  other  fiber  stresses  than  those  ^ven  in  table  may  be  obtained  from  the  values 

given  by 
The 

direct  proportion  of  the  fiber  stresses. 

weight  per  square  foot  docs  not  include  the  weight  of  rivet  heads  or  other  details. 

I 

1 

TABLE  54. 
Caknegie  Cokrugatbo  Plates. 


Elements  of  Corrugated  Plates. 


single  Section. 


Section 
Index. 


M35 
M34 
M  33 
M  32 
M  31 
M  30 


Sixe. 
Inches. 


"A  X  2i 

12A  X  2H 

"A  X  2f 

8i  xif 
81  xiA 

8}    Xi4 


Weight  per 
Foot. 

POtUKb. 


»3-7 
20.8 
17.8 
12.0 
10. 1 
8.1 


Riveted  Section. 


12A 
12A 

"A 

8| 
8! 

8i 


2f 
2H 
2i 
I» 

lA 

li 


Weight  per 

Squan  Foot, 

Ponndi. 


23.3 
204 
17-5 
16.5 
13.8 
11.5 


Section 
Modulus, 
One  Foot 

Width. 

lochet*. 


4-39 

3.84 
3.28 

1-95 
«-55 

1. 10 


Allowable  Uniform  Load  in  Pounds  per  Square  Foot. 


Feet. 


Fiber  Stren,  16,000  lb.  per  aq.  in. 


M  35      M  34      M  33      M  33      M  31      M  30 


Fiber  Strets.  t3,o(»o  lb.  per  eq.  in. 


M  35      M  34      M  33      M  3a      M  31 


M30 


1873 
1301 

732 
578 
468 

387 
325 
277 
239 
208 


1638 

II3S 
836 
640 
506 
410 

339 

284 
242 
209 
182 


1400 

972 
7H 
547 
432 
350 

289 

243 
207 

179 
156 


832 

S78 
425 
325 
257 
208 

172 
144 
123 
106 
92 


661 

459 
337 
258 
204 
l6s 

137 

"5 
98 
84 
74 


469 

326 
240 
183 
H5 
117 

97 

82 

69 
60 

52 


140S 
976 
717 
549 
434 
351 

290 

244 

208 

179 
156 


1229 

853 
627 
480 
379 
307 

25s 
213 
182 

157 
137 


1050 

729 
536 
410 
324 
262 

217 
182 
155 
134 
117 


624 

433 
318 

244 
193 
156 

129 

108 

92 

80 

69 


496 

344 

253 
194 
>53 
124 

103 
86 

■  73 
63 
SI 


352 

244 
180 
138 
J09 


73 
61 

52 
45 
39 


The  values  given  in  above  tables  are  the  safe  loads  per  square  foot  of  floor  surface  and  are 
based  upon  the  average  resistance  of  the  riveted  portion  within  distance  a. 

The  weight  of  the  plates  are  included  in  the  safe  loads  and  must  be  deducted  to  obtain  the 
net  superimposed  safe  load. 

Safe  loads  for  other  fiber  stresses  than  those  given  in  table  may  be  obtained  ffx)in  the  values 
given  by  direct  proportion  of  the  fiber  stresses. 

The  weight  per  square  foot  does  not  include  the  weight  of  splice  bars,  rivet  heads  or  other  details. 
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TABLE  55. 

^1 

Buckle  Plates. 

^^^^^1 

AMBMCAN    BtUDCE    COMPANY    STANDARD. 

■ 

n 

^gm^asti 

kL 

^BJ0«BB«« 

lis     tn^~~\  \ — ■>! 

J 

1 4.Z..JJ. 

1 

All L_. 

... 

i                                   1     !                     » 

m 

^            T           ''tl*              -m             >»|-               ■             ••»-             .               iM 

^^^ 

■    •   -IC 

■-      * 

■ 

\      / 

'     S 

\  /  \  / 

\, 

• 

1 1 

\ 

/      \ 

.     / 

^  \  /  \U  N- 

■  1 

T 

J 

• 

,   -u,   . 

. 

I.:oC 

^ 

Staeof   Buckle. 

RadH  of  Buckle. 

Number 

Widths  of  Flanges  and  Fillets. 

i 

z 

Riwd. 

la. 

of 

Bucktea 

Skirl. 

SMeh. 

Sidel. 

Sideb. 

In  One 

KndFlanf^ 

FUets 

Side  Flannel 

Fl.-ln. 

Ft -In. 

Fl.-ln. 

Ft.-In. 

-. 

riaie. 

U.  !>. 

h. 

bi.fat. 

1 

3-1 1 

4-  6 

3I 

6-  81 
8-9i 

8-9i 

1  to    8 

2 

4-  6 

j-ii 

3i 

6-  8i 

1  to    7 

-Sfel 

3 

3-1 1 

3-  6 

7-  9i 

6-3 

I  to    8 

5     fe 

^_ 

-  'F  |-5 

4 

3-  6 

3-n 

^3 

7-9* 

I  to    9 

.^-r 

vO 

^i«^ 

5 

3-  9 

3-  9 

7-  1 

7-  » 

I  to    8 

11 

1  3go 

6 

3-  I 

3-  9 

4-10 

7-  I 

I  to  10 

"i 

E 

"  !tS  ti 

7 

3-  9 

3-  < 

7-  I 

4-10 

1  to    8 

6  « 

3 

3  5j<  £ 

8 

3-  8 

3-8 

10-  3 

10-  3 

I  to    8 

M    S 

.E-  2  ?■ 

9 

10 

11 

2-  8 

3-  8 
2-  2 

3-8 
3-  8 
3-8 

5-  5 
10-  3 
3-7l 

10-  3 

5-  5 

10-  3 

I  to  II 

I  to    8 
\  to  14 

3 

5 

3     0     B_£ 

<   i>  0   ** 

13 

■4 

3-  8 
3-  0 

3-  9 

3-    3 

3-  0 
3-  9 

10-  3 

6-10 
3-ioI 

3-74 
6-10 

3-10J 

I  to    8 
I  to  10 
1  to  II 

Is 

1 

w 

j=  3*2 
-0  0  0 

-  w   «« 

19 

so 

3-  6 
3-  9 

3-  9 

3-  6 

3-ioj 
4-  7* 

1  to  12 

1  to  II 

L. 

a. 

>. 

le  side  flanges  b 

be  ordered  wid 

:,  the  narrower  fl 

31 

3-  6 

3-  6 

3-10I 

3-ioi 

I  10  13 

3 

s- 

CI 

JS 

33 
33 
H 
25 

3-  5 
3-  6 
3-  6 
3-  9 

3-6 
3-  5 

3-  6 

6-  3 

7-  I 

h 

6-  3 

I  to    9 
1  to    9 
I  to    9 
I  to    8 

0 

2 

36 

a; 

38 
39 

30 
31 
33 

3-   3 

3-  0 
3-    ' 

3-  6 

3-  0 

5-  6 

3-  I 

3-  a 
3-  I 
3-  0 
3-  0 
3-  6 
3-6 

5-  1 

4-10 

4-  7 
4-10 
3-10 
3-6] 
13-  1 

1 

4-10I 
4-ioi 

3-10 
5-  4 

1  to    9 
1  to  10 
I  to  10 
X  10  10 

1   to  13 

1  to  15 

I  to    5 

3 

Minimum  «  2' 
A'ov.— When  tl 
material  should 
he  greater  width 
th  after  bucklinj 

33 

3-6 

5-6 

5-4 

13-  iH 

1  to    9 

34 

4-  0 

4-0 

8-  1} 

8-  I 

1  to    7 

w  0  ^ 

Platei 

arc  ttcel  I".  A",  r  or  A"  thick. 

Platei 

of  greater  length  than  given  in  table  may  be  made  by  splicing  with  bare,  ar 
ttes  are  made  with  buckles  up,  unless  otherwise  ordered.     When  buckles  are 

iglcs,  or  teea. 

AUnU 
a  drain  no 

turned  down, 

e  should  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  si 

tctch. 

Buckl 

t»  of  different  sizes  should  not  be  used  as  it  increases  the  coat  of  the  plate. 

Connc 

ciion  holes  are  generally  for  |".  J"  or  I"  rivets  or  bolts.     Different  sized  1 

loles  in  same 

plate  will  i 

ncreasc  the  cost  of  the  plate. 

Spacir 

ig  for  holes  lengthwise  of  plate  should  be  in  multiples  of  3"  and  should  nol 

exceed  w". 

Odd  apace 

1  to  be  at  end  of  plate  and  in  even  |".     Minimum  spacing  crosswise  4^",  1 

isually  6". 

Die  ni 

imber  must  be  shown  on  drawings. 

^^1 

Sketcl 

ics  for  Buckle  Plates  should  indicate  allowable  oremin  in  length  and  width. 

V 

h 

in 

2 

h 

1 

^ 

I 

k 

J 

^ 

J 

0 

1 

^^^^^^^^^         TABLE  56. 

■ 

■ 

■ 

^H 

B^R™                       PbOPERTIES   Of    COLUHX  SBCnOKSw 

n 

^H 

1 

Propcxtidof                                       IL 

B 

Ml 

Three  t-Baa                             >- 4K 

^s^i^cM^-'ji 

^ 

Bea^ 

Seetioa.                                  ^    If 

6 

far  Web. 

AMD  a. 

SomL 

SeubII.                                           1 

Fteoge 

Web 

Momrau  at  taertb  and 

W«b 

Momenta  of  Inertia  and        1     1 

Bmau. 

Bam. 

iUda  oT  Cyralioa. 

Beun. 

JUila  of  Gyntioa 

1 

Toul 

Toul 

1  1 

t 

i 

1 

t 

Ana. 

AxiiA-A. 

AxUB-B. 

i 

1 

Area- 

Axii  A-A. 

axmb-b.    1  1 

U 

tA 

Is 

rm 

1a 

Ta 

I. 

rm 

In. 

i.b. 

8 

Lb. 

In.' 

In.* 

In. 

Id.« 

In. 

In. 

Lb. 

ln.» 

Ia.« 

la. 

ln.« 

In. 

'i? 

as 

IB 

10.07 

248 

3.5  < 

3^5 

4.02 

T 

2t 

21.05 
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4.89 

12 

31-5 

34.00 
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3-25 

788 

S-75 

It 

30 

8 

18 

22.97 
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3.44 
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4.II 

9 

21 
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338 
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4-54 

t» 
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10 

»S 
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4-97 

12 

3»-S 
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S.06 
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635 
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12 

3<-5 
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44" 

3-98 
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5.82 
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«5 

43 

31.00 
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3-79 

1552 

7.07 

18 
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*5? 

3-63 
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25 
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4-07 
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12 
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6.11 
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60 
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47.82 
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1388 
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18 
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8.62 
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60 
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6.09 
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5-77 

3879 
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5.61 
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9.53 
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6.09 
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"S 
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42 
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6.60 
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8.72 
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11.51 
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6.76 
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S7.M 

2461 
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6.71 
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55 
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6.53 
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6.37 
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7.50 
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8.81 
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TABLE  57. 
Properties  of  Column  Sections. 
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Web 

of 
Clum- 

nel. 

Cages. 

Meli. 

Rivet. 

AsliA-A. 

Axia  B-B. 

Depth. 

Weisht. 

Distance  Inside  to  lofide  of  Web«  in 
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3.59 
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2.94 
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J38 
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3-95 

3.83 
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4-45 
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i 

■1 

1 

M 
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181 
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3.66 
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«76    4-44 
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4-»7 

240 
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4.63 
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5.13 

1 
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M 

9i 
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45-00 
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The  ubic  given  aboiT  U  intended  to  serve  only  as  a  guide  in  the  choice  of  Bcciiona,  and  not  as 
a  complete  table.     The  piopcnia  of  sections  not  given  in  table  may  be  found  as  foUows: 

Euunple. — Required  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  15  lb.,  laced,  with  flanges 
turned  uut,  81  in.  back  to  back.     Distance  inside  to  inside  of  web  **  8|  +  1  ^  8}". 

From  Table  14,  Area  >»  8.92  in.^ 
/ 


X  in  Tabic  19  -  133.8  in. 
ly  10  Table  19  «  207.0  ta^ 


;  r^  -  V/^  +  vf  «  V133.8  +8.92  -  3.87  In. 

ffl  «  V/fl  +  ^  -  Vao7.o  +  8.93  -  4.81  in. 


lU 


^^^^^^^B^^^^^^^             TABLE  58.              ^^^^^^^^^^^^^H 
■                                                             Properties  of  Column  Sections.                                                   ^^^ 

Properticfl  of                                        !        ■       ; 
Two  Channels  Laced.                        j4—   ; r- — X    —A 
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85.5 

3M 

3.*S 
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149.0 
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81 

9* 
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"4 
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7.78 

8.82 

11.76 

94.6 
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121.6 
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3.40 
3.21 

106.8 
122.0 
162.9 

370 
3.72 
3-73t 

137.1 

156.5 
208.9 

4.20 
4.21 
4.22 

171.2 

195.4 
260.8 

469 
471 
4-71 

209.3 
238.7 
318.6 

5.18 
5.20 
5.20 

3825 

568  I 
5.70  1 
570     1 

P 

9i 
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Hi 
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I3I   1 1 

10 

f4 
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25.00 

S.92 
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14.70 
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<57-4 
182.0 
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3.66 

3-51 

1553 
207.4 
257-S 

4-»7 
4.20 
4.18 

194-2 
259.0 
321.9 

4.68 

237.6 
316.5 

393.7 

5.16 

5."9 
5.18 

285.4 
379.9 

472.8 

5.66 
5.68 
5.67 

337.7 

449-2 
559-2 
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6.18  1 
6.17     1 
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It 
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35.00 

12.06 
14-70 
17.64 
20.58 

256.2 
288.0 

323-4 
358.6 

4.61 

4+3 

4.28 

4-17 

257.1 
316.3 

379-3 
439.0 

4.62 

♦^ 
4.63 

4.62 

3M9 

387.2 

4<H  + 

537-9 

5.11 
5U 

5.13 
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378.8 
465.4 
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5.62 

5.61 
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6.12 
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6.10 
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14I 
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40.00 
45.00 

19.80 
20.58 
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26.48 
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750.2 

5.62 
5-57 
544 

5-3i 

605.9 

630.7 

721.7 
810.6 

5-53 
5-54 
5-54 
5-53 

718.9 
748.4 
856.2 
961.9 

6.02 
6.03 
6.03 
6.02 

841.7 

876.0 

1002.4 

1 1 26.4 
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6.52 
6.51 
6.52 
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7.03 
7.03 
7.02 
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75.      1 

The  table  ^ven  above  is  intended  to  serve 
complete  tabic.     The  properties  of  sections  not 
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Pbopertiks  of  Column  Sections. 
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« 

i) 

M 

3300 

18X 

33-30 

u\ 

io| 

"423 

6.54 

1119 

5-79 

'?. 

aA 

A 

I 

M 

t« 

42.30 

11 

1999 

6.87 

1362 

5.68 

It 

It 

II 

14 

45,00 

39.98 

loi 

1548 

6.22 

1311 

5-72 

«l 

2| 

1 

11 

l( 

•  * 

4t 

48.98 

ti 

4* 

2124 

6.59 

1554 

«;.6j 

•B 

II 

<« 

It 

«l 

55.00 

41 

50.36 

II 

2» 

1942 

6.21 

1584 

5.61 

It 

aA 

H 

" 

4( 

tt 

l< 

1  59.36 

II 

2536 

6.54 

1817 

555 

li 

11 

11 

" 

The  table  given  above  1%  intended  to  serve  only  as  a  guide  m  the  choice  of  sectioni,  and  Dot  m  a 
oomplcte  table.     The  properties  of  sections  not  given  in  table  may  be  found  as  follows: 

fiXAinple:  Required  the  properties  of  a  section  consisting  of  2  [s  12  in.  at  20)  lb.,  flanges  turned  out, 
9^  in.  back  to  back,  and  2  PU.  l6"X4". 


Item. 

A                          !a 

1              «. 

u 

tb 

Number. 

Section. 

Stw. 

Table. 

ln.«       Table,  t     In.* 

1  T»bk.       In.* 

tn. 

In. 

2 
2 

PU 

12  in.  at  20| 

|6"XJ" 

14 

I 

12.06 
16.00 

19          256 

5        616 

•\ 

350 
34» 

/881 
A28J36 

A  28.06 

1          Total 

,28.06 

{     883 

(^l 

5.61 

4.96 
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TABLE  6a 
PlorKamcs  or  Oxx» 


B 

fmtim^irf 

L 

/ 

Oh^ 

r       qll 

SKzka. 

"^  T 

J 

-3t 

Um^^ 

nwk*" 

fa 

B 

«M»r«  f 

Scm  I, 

Smi>n-                                 1 

ji«jl<  If. 

1 

. 

W-f.  IVvni 

U^awsiu  iS*  latar^  ud 

™>h  R>raH 

^1 

fanpf 

M 

IH^^U  41l    A^BIL^  iUVi4 

f^bow^ 

ToUl 

ftMliiQi  GynCJOB. 

Toc^ 

ft^irfGr^vlv*- 

1  '' 

4  1      5         Ana. 

AxiAAA.        Axa  B-B. 

1 

Aeb. 

A^  A-A.          A^  6-B.     1 

JF 

i 

u 

la.        la.' 

" 

5     ^ 

U 

rj. 

I*        4       T| 

Ia, 

tjk. 

In.       Ur^          Ib.i 

IB.* 

In. 

Iil[    U>. 

IB,. 

IL* 

IL 

In,*    1     liL 

6 

%J0O 

*;  i2,2j    8,37 

24    1H2      Hi 

3-(3 

7 ,  ij^ 

9-19      *9 

t.77  ,      "4      J  53 

H 

10,50 

"     -      '^.77 

32    i.fli 

W 

3  «9 

ia€o      3} 

>.t6       137      159 

7 

975 

6     12.2)        9.31 

44   *»^ 

9J 

3.20 

7    IJ-OP 

iai2      45 

2.IE 

131  .  J-w 

12,2? 

"   1      "          tO.*il 

|o   2.16 

114 

J-H 

11.62      51 
11.11      67 

3-10 

iSS      J-66 

« 

11.15 

6    12.1;     10.  J 1 

66'  2.;4 '    lio 

327 

7 

■^i» 

m6 

ISO      3^ 

•'     1375 

"  ,     "        11.69 

74 

2.51 

127 

3,30 

ti-S..    7S 

3-44 

17*      171 

.?    ^'*y 

7    15JM     li.ao 

77 

2.S2 

171 

l^ 

S 

i^joa 

ijii'   98 

1.74 

X3£  ,  4-15 

rt'OO 

"        "     ,  '3'H 

104 

2.S1 

i^Jl 

14.15    106 

3-71 

147  ,  4-(7 

" 

vi^oa 

V     "        ^''-'^ 

124 

2.77 

137 

3-83 

17^    1*5 

1.71 

309  f  4-2S 

to 

15.00 

4    ifl^oo     14.2s 

n« 

3. II 

253 

4.22 

9 

21,00 

15.23    139 

3^ 

325      4.61 

.* 

10.00 

"  1     " 

17.09 

161 

J-07 

3<i 

4-28 

(■ 

h 

)a.o7  163 

J-00 

398  1   4  69 

*♦ 

»5.oo 

1 

»,03 

i86j  3^5 

377 

4-34 

21^1   187 

*.9a 

477     4-77 

12 

20.  $0 

9    21,00 

.M7 

161    3,77 

419 

4-78 

10 

2S-00 

1943  ^ 

J.6S 

5«      5.>» 
60J      S.14 

l^.CiO 

"1  " 

21.01 

191    J  74 

4A8 

4-K2 

12.07  I  i9S 

3.*6 

u 

30.00 

a.vog 

3291  370 

s^^ 

4^M7 

2S-OI  i  330 

3<b3 

701      5.29 

14 

nno 

n 

it 

I'i.Hr/ 

364    36S 

6;2 

4-91 

^7-93  ,  366 

3.61 

801    sn 

40.00 

fH 

17.H3 

399 

3-66 

740 

4-9« 

30.89 

401 

3.to 

90s      S4< 

•f 

!1<« 

10 

z^.oo 

27-17 

6,2 

4.fl2 

tel 

5-44 

12 

31  P 

19^)6 

6J5 

4.67 

1146 
1181 

6.j8 

1S.r« 

>l 

27-fj'S 

647 

4.B1 

Bz9 

5-45 

29.84 

650 

4<«r7 

6.29 

40.00 

" 

" 

10.K9 

702 

477 

917 

.S4« 

3^-7a 

705 

4-*H 

1317 

6-34 

4^c» 

It 

33.K5 

7^7 

4-71 

1030 

5.52 

35-74 

760 

4.61 

14S7      6.J8 

»4 

jO.OO 

li 

II 

j'i-79 

812 

4.70 

113; 

l:?i 

(( 

It 

38.68 

«iS 

4S9 

1600      6.43 

*t 

i';.oo 

H 

1)1 

39.73 

867 

4-^7 

11*4 

(i 

41.62 

87t* 

4-57 

1747      648 

The  tabic  givrn  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  tectioni,  and  not  as  a 
Cf^mplctc  tabic.    The  properties  of  sections  not  given  in  the  table  may  be  found  at  follows: 

Ezamplfl:  Kcquircd  the  properties  of  a  section  consisting  of  2  [s  10  in.  at  ao  Ib.^  flanges  turned  out, 
and  tmc  I9  in.  at  21  lb. 


Item. 

A 

u 

Ib 

r.       1 

Nnin-       Si-c 
In-i.          lloll. 

Siir. 

Tabic. 

In.* 

Table. 

In.< 

Table. 

In.< 

Id. 

In. 

2 
1 

1 

10  in.  at  20  lb. 
9  in.  at  21  lb. 

H 

7 

11.76 
6.31 

19 

7 

>S74 
5-2 

19 

7 

3«-7 
84.9 

JmJf 
A118.07 

/162.6 

\.8.07 

Total 

18.07 

162.6 

397.6 

3.00   1        4-69] 
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TABLE  61. 

^ 

■ 

^ 

Properties  of  CoLUM^ 

'  Sections. 

^ 

r  1  ^ 

Properties  of                               . 
Chanurl  and  I- Beam                        -^ 

\   .  ./ 

^ 

MmJmum  [-Beun 

r"~^n 

Section. 

lof  W«b. 

^^^1 

^   1   i=^ 

" 

i 

Skrjks  I 

Skriks  I. 

Sbribs 

II. 

AND  II. 

Flanitc 

_ 

MomeaUof  InenU  and 

Moments  of  Inertia  and 

Cbanncli. 

Web  ueara. 

Total 
Afca. 

Ruii  of  Gyraiioa. 

Web  Beam. 

Total 
Area, 

Radii  of  Gyration. 

1 

> 

> 

Axis  A- A. 

Axii  B-B. 

i 

? 

Axis  A-A. 

AxiaB-B. 

Ia 

rx 

Ib 

l-H 

u 

ta 

In 

TM 

In. 

Lb. 

in. 

Lb. 

In.> 

In.« 

In. 

In* 

In. 

In. 

Lb. 

In.' 

ln.» 

In.     1     In.* 

In. 

6 

S.oo 

7 

15.00 

9.18 

29 

«-77 

86 

3.06 

8 

18.00 

10.09 

30 

i  72  1    m 

It 

ti 

10.50 

li 

14 

10.60 

33 

1.76 

106 

316 

(I 

41 

U.5I 

34 

1.72      149 

7 

9-7S 

7 

15.00 

10. 1 3 

45 

3.1 1 

95 

307 

H 

18.00 

11.03 

46 

204  !    135 

3.50 

13.25 

" 

11.62 

^ 

2.10 

117 

3-17 

12.53 

SJ 

2.04  1    163 

3.61 

S 

11.25 

8 

18.00 

13.03 

3,38 

"49 

3-52 

.? 

31.00 

13.01 

70 

2.33 

303 

3-95 

S37S 

i3-4» 

7^ 

2.38 

«74 

3.60 

H-39 

77 

3.32 

a34 

403 

9 

13.35 

9 

3I.0O 

14.09 

100 

2.66 

221 

396 

lO 

25.00 

15.1S 

101 

2.58 

293 

4.39 

u 

15.00 

15.13 

107 

2.66 

244 

4,03 

16.19 

109 

3.59          321 

t^ 

*i 

30.00 

18.07 

137 

2^5 

314 

4.17 

19.13 

139 

3.60 

405 

to 

15.00 

9 

21.00 

15-33 

139 

3.02 

340 

3-97 

10 

35.00 

16.39 

141 

2.94 

316 

440 

il 

20.00 

18.07 

163 

3.00 

305 

4-II 

19.13 

164 

2.93 

396 

4-SS 

^_ 

H 

35.00 

*i 

14 

21.01 

187 

2.98 

178 

424 

It 

(1 

23.07 

189 

»-93 

483 

4-68 

■ 

13 

30.50 

10 

35,00 

19-43 

363 

3-68 

383 

4-44 

12 

3..;o 

21.3a 

366 

3-53 

599 

S-30 

2500 

22.07 

»95 

3.66 

458 

4^55 

23.96 

J98 

3.51  ;    705 

5-42 

30.00 

25.01 

no 

1.63 

545 

4.<^7 

** 

26.90 

333 

3.52       827 

\n 

1* 

35.00 

•1 

l« 

2795 

^66 

3.63 

6J7 

4-77 

41 

II 

39.84 

368 

3.51 

954 

14 

40.00 

II 

41 

30.89 

401 

3.60 

733 

4.87 

t« 

44 

33.78 

404 

351 

1086 

5.76 

!«; 

33a> 

IZ 

31.50 

29.06 

635 

4.67 

s-;? 

5-4* 

'.? 

43.00 

32.18 

640 

4-45   '   <4S8 

6.73 

35.00 

'* 

29.84 

650 

4.67 

887 

5-4? 

33.06 

655 

4-45    '  1507 

6.75 

i« 

40.00 

32.78 

70^; 

4.<H 

1010 

^M 

36.00 

710 

4.44   1  1694 

6.86 

u 

45.00 

41 

14 

35-74 

760 

4.61 

1138 

564 

it 

U 

38.96 

765 

4-43    1   «a87 

6.96 

t4 

50.00 

II 

44 

38.68 

815 

4^59 

126.S 

5-73 

41.90 

820 

4.43      3083 

7.0s 

11 

55.00 

4162  ;87o 

4.57 

1403 

S.Bi 

"      1  44-B4 

*>75 

4.41       2284 

7.15 

The  tabic  i 

pvcn  above  is  intended  to  serve  on\y  as  a 

l^idc  in  the  ch 

oice  of 

sections,  and 

not  ai  1 

complete  tabic. 

The  properties  of  Kctiont  not  given  in 

Lhc  table  mav 

K  four 

d  as  follows: 

1 

Euunple: 

Required  the  propcrtica  of  a  acctioo  consis 

ting  of  3  [s  10  i 

n.  at  2 

0  lb.,  flanges  ti 

irncd  in           | 

And  one  1 9  In.  i 

t  21  lb. 

J 

Item. 

A 

I 

li 

I 

i 

U 

m 

% 

Nuid. 

Section. 

Sbe. 

Table. 

In." 

Tabk. 

In.* 

Table. 

In.* 

ta. 

In. 

t 

(• 

10  in.  at  20  lb. 

14 

11.76 

21 

157.4 

31 

330.3 

!l63.6 
\  18.07 

A 

iMd 

I 

I 

9  in.  at  21  lb. 

7 

631 

7 

5.2 

7 

84.9 

18.07 

Toul 

18.07 

163.6 

305.1 

3.00 

4" 

i 
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i 

TABLE  62. 

Pbopesties  of  Two  Channels  and  a  Built  I-Bbax. 
Flanges  Turned  Out. 


9 

i 

PropcrttcaoT                                           h 

1 

IH 

Chaud  Flakes  Oat. 

Two  Ciuuioel*                               A —  U 

Se^e€ 

Y"^* 

Vmmmx  BmdL  to  Bmck. 

and                                                    f 

J  -l-^ 

€i  ChtrmtJB  Eqsals 

m  Bailt  IBcvn.                                         R 

^ 

Widtli  rf  Web  Plate  Plw  1". 

Serici  I  MDd  a. 

Series  I. 

Scrieis.                                   1 

Oumiel. 

i 

1 
1 

1. 

i 

1 

Axit  A-A. 

Axi»B-B.    1 

i 

•8 

1 

1 

I 

Axis  A-A. 

Axis  B-B.    1 

1 

i- 

c4 

ii 

0(O 

el 

ii 

11 

0  " 

11 

A 

pec 

In. 

A 

U        r. 

Ib 

In. 

A 

Ia 

'A 

1* 

tb 

u>. 

Id. 

Id. 

iB.l 

in.. 

Id. 

3-57 

Id.* 

In. 

In.« 

In.< 

In. 

ln.« 

la. 
5.16 

zol 

3X3XA 

8x1 

31.18 

269 

402 

4-35 

lOx} 

12.93 

170 

3*44 

610 

*5 

<( 

23.82 

301  i  3.56 

464 

4-41 

25-57 

301 

344 

700 

523 

30 

i( 

«( 

26.76 

337  ,  3-55 

536 

4.48 

u 

18.51 

337 

3-44 

«04 

5-3" 

I0| 

3lx?.Jx| 

8xf 

24.98 

282 

3-36 

436 

4.18 

lOxf 

25-73 

282 

3-31 

657 

5.05 

*S 

11 

27.62 

314 

3-37 

49« 

4.25 

28.37 

3«4 

3.32 

747 

5-13 

30 

« 

30.56 

349 

3-37 

571 

4-33 

31.31 

349 

3-33 

«S« 

5-21 

33 

jir}M 

8x1 

32-7a 

651 

4.46 

652 

4.46 

loxi 

33-47 

651 

4-41 

961 

5-36 

35 

it 

33-50 

666 

4.46 

67J 

4-48 

34-25 

fiUS 

441 

989 

5.38 

40 

it 

3<>-44 

721 

4-45 

747 

4-53 

37.19 

721 

441 

1096 

5-43 

33 

4X4X1 

lox} 

34-99 

663 

4.35 

982 

5.30 

I2X| 

35-74 

663 

4-31 

XI  xo 

557 

35 

35-77 

677 

4.35 

lOIO 

5-32 

36.51 

f>T7 

4-3 » 

1x38 

5.58 

40 

38.71 

733 

4.3s  ii"7 

5.37 

39-46 

733 

4-31 

1*45 

5.62 

The  above  table  is  intended  to  serve  only  as  a  gui 

dc  in  the  choi 

ce  of  sections  and  not  as  a  com- 

pletc  table.    The  properties  of  sections  not  given  in  table  may  be  obuined  as  follows:                        | 

Example:  Determine  the  properties  of  a  section 

composed  of 

2  channels  15"  X  55  lb.,  i  plate 

11"  X  i"  and  4  angles  4"  X  4"  X  i",  "I"  back  to  I 

}ack. 

Solution: 

Momeot  0 

f  Inertin. 

Radius  o(  GjrtaUon. 

Ar^a 

Item. 

Axis  i 

1 

^-A. 

Axis  B-B. 

Axis  A-A. 

Axis  B-B. 

Table 
No 

A 

Table 

'b 

Ta 

ri 

Table          ** 

-=j/U+A 

V^iB+A 

In.» 

■  "     1     In.* 

In.< 

In. 

In. 

2 
I 

4 

IM-12'^ 
^4'V^ 

lb. 

xj" 

i" 

19       '  32.36 

I     1    6.00 
32    1  1500 

19      ,    860 

4            0 

35     !      53 

19 

3 

32 

1    1587 

72 

389 

^'913 
^53.36 

^533 

r 

6 

20 

Tola! 

A-  153  36 

Ia  = 

9»3 

U- 

2048 

fA   -   .414 

ra  -■  6. 



__ 

^^^ 

1 

Its 


TABLE  63. 
Properties  of  Two  Channels  a.wd  a  Built 
Flanges  Turned  In, 


Properttei  of 
Two  Channels 

nod 
a  Built  I-Beam, 


r 


^ 


d- 


CbaniK^I  Flanges  In. 

Distance  Inwtlc  to  ln»ifle 

Of(.:h«nn«Is  t^UAl» 

Width  at  W«b  rUte  Plus  ]' 


A 


S«rlc*  t  and  s. 
CiiJUincls. 


Lh. 


20) 
30 


12 

201 

13 

25 

12 

30 

IS 

33 

IS 

35 

IS 

40 

33 

35 
40 


In. 


3x3  f  A 

3U^,IW 

«■ 
4x4x1 


In. 


IDxJ 


X4xi 


13X1 


i6x| 


Aais  A-A, 


8  .a 


In.t 


21.68 
14.31 
17.26 

27.33 
»9-87 
32.81 

34.21 
35-00 
37-94 

37.34 
38.02 
40.96 


1b.« 


Axis  B-& 


g     .3 

PI 


'A 


I. 


In. 


In.« 


269 
301 
336 

282 
3<4 
349 

651 
666 
721 

663 
677 
733 


3-53 
3-53 
353 

3-33 
3-34 
3-35 


453 
535 
631 

1054 
1205 
1380 


4.36  1034 

4.36  1068 

4.36  I20t 

4.22  1963 

4.22  2021 

4-33  *HS 


1b. 


4*57 
4,70 
4.81 

6.22 

6.35 
6.+9 

5-50 

5.53 
S.63 

7.26 
7.29 
7-41 


Serit*  a. 


Id. 


12X1 

It 

<i 

l6x) 

H 
«l 

14x1 

t< 

t« 
i8x) 


Id.' 


23.68 
26.32 
29.26 

29.98 
32.62 
35.56 

34-97 
35-75 
38.69 

40.24 
41.02 
43-96 


Axis  A-A. 


8    -a'  32  . 
7.    "  ^^ 


Id.*        In. 


270  I  3.38 
302  3.38 
337     3-39 


383 

3«5 
350 

651 
666 
721 

667 
679 
73S 


3.08 
3." 
3-«4 

4.31 
4-33 
4.33 

4.07 

4-07 
4.09 


Axis  I^B. 


lB.« 


683 
79« 
930 

1449 
»644 
1867 


iU 


In. 


5.38 

5-53 
5.64 

6.93 
7.10 
7.35 


1431  6.40 
(477  6.43 
165a     6.54 


2582 
3655 
2933 


8.0I 
8.05 
8.18 


The  above  tabic  is  intended  to  4crve  only  as  a  guide  in  the  choice  of  sections  and  not  as  a  com- 
plele  table.     The  properties  of  scctiooj  not  given  in  tabic  may  be  obtained  as  follows: 

Example:  Dcicrminc  the  propertic*  of  a  section  composed  of  2  channels  15"  X  55  lb.,  i  plate 
18"  X  J"  an<i  4  angles  4"  X  4"  X  V\  l8l"  back  to  back. 

Solution: 


Item. 

Af«a. 

Moment  uf  locrtis. 

Radios  of  Gyniion. 

AxU  A-A. 

Axis  8-0. 

AxU  A-A. 

Axis  B-B. 

T*htc 
No. 

K 

Table 

No. 

u 

Table 

No. 

Ta 

'A 

!».» 

ln.4 

In.* 

In. 

u. 

3isi5"x55!b. 
I  PI-i8'\r' 

4^4'v-r' 

21 

I 
33 

33.36 
11.35 
15,00 

21 

4 
35 

860 

0 

S6 

31 
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\58.6i 
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9t6 
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rx  -  3-96 
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Propcrtiwof                                ^    ^  '>                    ^    ^A                               Propertla  of                                 1 

Oik  Channel                                            p                  r                                          One  Channel                                  1 
and  One  l-Bcam.                                    4—     — i ud  Odc  IBeam.                            1 

;/                                                                 1 

1 

Str.  I  &  3. 

Serie«  t. 
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AxbB-B.    1      1 

In. 
8 

Lb. 

iS 

In. 
5 

1 
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Lb. 

In." 
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'.'.1 

9.66 
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3.58 
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37.5 
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1 

as 

41 

II 

973 

124 

3-57 

1.02 

18.6 

1.38 

K 

11 

10.70 

133 

3.52 

1.30 

37-9 

1. 88 

1 

10 

=5 

6 

8 

975 
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4-08 

1.14 

19.9 

«.43 

8  \u\ 

10.72 

173 

4.02 

»-45 

39.3 

I.91 

I 

M 

30 

<( 

(( 

11.20 

176 

3-97 

0.99 

20.6 

1.36 

<i 

11 

12.17 

1S8 

3.92    1.28 

39.9 

I.81 

IZ 

3ii 

B 

III 

12.61 
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41.8 

1.83 

10 

^.? 

13-72 
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4-77 

1.82 

76^ 

3.36 

(1 

40 

11 

M 

15.19 

353    4-82    «-25 

46.1 

'74 

It 

16.30 

373 
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»-53 

80.7 

2.13 

IJ 

43 

8 

III 

15-83 
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46.9 

1.72 

10 

15 

16.94 

610 

6joo 

1.87 
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1 

■• 

•« 

12 

2o| 

18.51 

649 

5.9212.31 

1427 

2.78 

15    33 

22.38 
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3  >5 

337.3 

'^ 

«t 

50 

8 

III 

18.06 

624 

5.88      1.J2 

48.3 

1.63 

10  ^  15 

19.17 
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5-86 

1.65 

83.9 

3X)8 

<« 

11 

12 

20 

20.74 

702 

5.81      2.06 

144- 1 

2.6+ 

15 '33 

24.61 

79" 

S.67 

2.86 

328.6 

3^5 

(t 

60 

8 

II 

21.00 
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5.99  ll. 14 

58.3 

1.67 

10    15 

22.13 
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S.98 

M3 

93.9 

ix)S 

■1 

•1 

12 

3o{ 

33.68 
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595    »-8o 

154.1 

2.55 

IS    33 

27.57 

938 

S.83 

2.5s 

338.6 

350 

1 

x8 

*f 

8 

"1 

20J 

19.28 

1004 

7.ai  1  f.50 

S3-5 

1.67 

10    1$ 

20.39 

1056 

7.19 

1.88 

88.1 

^^ 

■ 

M 

12 

31.96 

1 1 22 

7.14 '  2.35 

149.3 

2.61 

15    33 

25.83 

1257 

6.97 

3.30 

333.8 
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1 

11 

1? 

8 

20  { 

2247 
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55.8 

1.58 

10    15 

23.58 

1151 

6.98 

1.63 

904 

1.96 

I 

!>( 

n 

25-15 

1223 

6.97  1  1.06 

15 1.6 

2.46 

"S    33 

29.02 

1373 

6.88 

3.94 

336.1 

340 

I 

(t 

1} 

8 
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2540 

1360 

7.321  1.14 

78.7 

1.76 

10    15 

26.51 

1418 
1656 

731 

"45 

113.1 

2X)6 

1 

I* 

12 

20i 

28.08 

1494 

7.29 

1.84 

1743 

2.49 

"5 

33 

3»95 

7-»4 

2.67 

358.8 

337 

1 

JO 

'.} 

9 

"3 

23.97 

1470 

8.00 

1.63 

75.* 

1.81 

10 

23.54 

1507 

8.00 

1.82 

94-8 

3.01 

■ 

14 

12 

20 

35.11 

1594 

7-97 

3.30     1 56.0 

2.49 

15 

28.98 

1779 

7-84 

329 

3405 

It 

L 

M 

70 

9 

13 

24.48 

1534 

7.89 

1-53 

76.3 

1-77 

10 

25.05 

1562 

7-89 

1.71 

95-9 

^y 

c 

*« 

12 

20 

26.63 

1653    7.88 

2.17 

157.1 

2.43 

«S 

30.49 

1846 

7-79 

3.12 
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334 

^H 

! 

80 

9 
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27.62 
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1.36 

9M 

1.84 

10 

28.19 

1816 

8.03 

"52 
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3.00 

r 
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u 

12 

20J 

39.76 
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1.94 

»73-9 

2.43 
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33.63 
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3.83 
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3-26 

1 

^ 

80 

9 
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27.21 
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1.66 

90.2 

t.Bl 

10 

15 

27.78 

2594 

9.66 

1.86 
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■ 

n 

It 

li 
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3.38 
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241 
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3033 
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It 

3S55 

3-27 

■ 

¥ 

9 

lU 

30.36 

2700  9.43 

1.49 

93.0 

1-75 

10 

15 

30.93 

2755 

9-43 
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"9" 

■ 

12 

2oi 

32.50 

2902  1 9.45 

2."S 

»73.8 

2.31 

15 

33 

36.37 

3219 
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3.16 

358.3 

3M 

■ 

•* 
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10 

15, 

3387 

290419.16 

«-53 

"5'S 

1.85 

15 

40 

41.17 

3548 

9.2R 

3-35 

396.1 

3-W 

■ 

4* 

11 

20J 

3544 

3055  1 9.29 

1.97 

176.7 

2.23 

15 

33 

39.31 

3387 

9.28 

2.92 

361.2 

!.1? 

■ 

*'?? 

10 

'5, 

35-44 

33381 969 

1.46 

145-8  '2.03 

15 

40 

42.74 

3997 

9-67 

323 

4^6.4 

L 

** 

11 

2Q\ 

37.01 

3492    9  7<  1 

1.89 

207.0  I  2.36 

15    33    40.88   3831 

9.67    2.81 
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TABLE  65. 
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Phoperties  of  One  Channel  and 

A   BtlILT   I-BbAM.                                     -^ 

1 

PropcrticflOi 

A^             ¥ 

1" 

A             Back  to  Back  of  Anxtet  Equals 
^-              wiHih  «r  vumh  nutm  pi.»  i" 

and 
One  Built  1- 

ICAIU. 

4    1 

e 

* 

Top  AneVet,  Short  Legi  Out. 
ttoni  Angles.  Long  Leg*  Out. 

1 

Bo 

i— Jl 

-.1 

u 

PbU. 

Cbanoel. 

Anftlei. 

Total 
Arrft. 

AjdBA-A. 

AxivB-B. 

\V>b. 

Depth. 

WdBht, 

Bottom. 

Top. 

Moment     „,  Cy- 
of  Inertia,     gallon. 

Ewcn- 
trtdty. 
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Inertu. 

Radius 
of  Gy- 

Tiltioll. 

A 

U 

fA 

e 

u 

TD 
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Lb. 
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In.« 
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lO 

^$ 
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If 
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•( 

it 
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6.89 
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If 

11 
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(t 

" 

29.OJ 
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II 

41 

It 

" 

(i            % 
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6.91 

0.83 
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2.81 

iBx| 

10 
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3lx3JxJ 

2452 

1338 

7-39 

1.19 
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2.19 

u 

4( 

1 
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27.96 

1577 

751 

0.92 
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41 

II 

ii 

11 

31  26 
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0.72 
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II 

12 
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6x4x 
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2797 
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7.46 

1.42 

2og 
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II 

K 

(( 

** 

32.03 

1838 

7.58 

1. 10 

337 

2.72 

" 

l( 

■« 

35-97 

2103 

7.64 

0.86 
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30xJ 

12 
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6x4x 

4X4X 
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8.24 

1.52 
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II 

1* 

l» 
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" 

il 

M 
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1.90 
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3,22 

M 

i« 

" 
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45.84 

3104 

8,24 

».59 
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3.14 
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12 

20.S 

6x4x 

i 

t^ 
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33-97 
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9.62 

1.56 
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II 

tt 

•1 
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2.52 

II 

u 

(t 

u 
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0.99 
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II 

I? 

33 
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M 

if 

ii 

'* 
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45.90 
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2.03 
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11 

M 

t( 

u 

1 
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4858 

9.78 

1.72 
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3.00 
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12 

20.5 

6x4xj 

1 
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4147 

5546 

11.56 

1.61 
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2.29 

" 

II 

"    , 

: 

4553 

6381 

ti.84 

1.30 
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2.32 

(« 

tt 

It 

" 

: 

II 

49-47 

7<74 

12.05 

1.05 

276 

2.36 

11 

15 

',? 

6x6x 

•6x4x 

53.40 

7490 

11.84 

2.19 

*P 

2.85 

«i 

li 

" 

II 
II 

58-34 

8413 

12.01 

1.88 
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3.82 

14 

u 

11 

<* 

63.16 

9293 

12.13 

1.63 

495 

2.80 

36x} 

12 

20.S 

6x6x 

•6x4x 

54.03 
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«* 
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1.06 
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1* 

ti 
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11 
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«i 

** 

ti 

If 

II 
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Properties  of 

^^ 

Lons  Lcs  of  Anair  Turned  Out. 

i^^- 

ri — — 

A 

Odc  Channel 

d 

^^-^ 

Back  of  Aniclc  Flush  with 

and  One  Anfilc. 

I 

FUnfic  of  Ouumcl. 

Depth 

Welsh  t 

Total 

Axi«A-A. 

Axis  B-B.                   1    1 

Mo- 

Radius 

Mo- 
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^-     >               1 

of 

Of 

Al«l. 

ment 

of 
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Eccen- 

ment 

of 

Seclioni  EoM-       1 

Chan- 

Chan- 

Siseof  AniU«. 

Qf 

Gj'fa- 

Modu- 

tridty. 

of 

Gyra- 

M«*"-  tribtv.      1 

nel. 

nd. 

Inertia. 

tlon. 

lus. 

Inertia. 
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1 

A 

Ia 

'a 

Sx 

e 

Ib 
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^ 

In. 

Lb. 

In. 

In.' 
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In. 
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In. 

In." 
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Si 

2iX2lXl 
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0.81 
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3  XalXi 
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3-34 
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1.09 
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MI 
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1-33 

+.19 

4  X3   XA 

4.04 

12. 1 
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3.56 

.90 

6.96 

1.31 

i<H 

+4" 

6 

8 

aJXilXJ 
3  XaiXl 

3*57 

17.8 

2.23 

4-74 

76 

2.62 

.86 

1 .01 

—  .11 

3.69 

1B.3 

2.23 

478 

.83 

3-59 

.99 

1.19 

— ^i 

3iX2iXl 

3.82 

18-0 

2.23 

4.85 

.90 

4.89 

1.13 

144 

4-^ 

4  X  3Xft 

447 

20.2 

2.13 

4.99 

1.0s 

7.6, 

1.30 

2.06 

+.31 

7 

9l 

3  X24X| 
3iX2jx} 

4.16 

29.1 

2.64 

6.62 

.89 

4.06 

•99 

I-31 

-.09 

4.39 

30,0 

2.64 

6.71 

•97 

542 

[.12 

1-55 

4- -01 

4   X3   XA 

4-94 

31-8 

2.54 

6.83 

1.16 

8.31 

130 

2.20 

+  -2J 

S  X3  xA 

5-25 

33-2 

2.51 

6,94 

1.29 

13-73 

1.63 

3-03 

+47 

8 

ni 

4  X3  XA 

5-44 

47-5 

2-95 

9.06 

1-24 

9-07      1.29 

2-34 

n 

S  X3  XA 

575 

49.6 

2.93 

9.21 

139 

14.7.1      1.60 

3.18 

5  X3iXA 

5-91 

49-5 

2.89 

9.23 

1-37 

1476 

1.58 

3.18 

4-.J6 

6  X34X| 

677 

53-3 

2.81 

9.48 

1.62 

25.82 

«-95 

4-91 

+74 

6  X4  Xl 

6.96 

53.4 

277 

9.56 

1.59 

25.87 

"93 

4.91 

+7) 

9 

I3l 

4  X3  XA 

5.98 

68.0 

3-37 

11.70 

1.31 

9.91 

1.29 

2.50 

^ 

S   X3   XA 

5  X3  XA 

6  X3|X| 
6  X4  X 

6.29 

707 

3-35 

11.86 

1.46 

15.82 

1.59 

3.34 

6.4s 

707 

331 

11.88 

<45 

15.84 

1-57 

334 

+^ 

7-31 

76.0 

3-22 

12.20 

"74 

2742 

1-94 

5.11 

4^3 

750 

76.0 

3.18 

12.23 
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2746 

1.91 

S.io 

+.68 

lO 

'5 

4  X3  XA 

6-55 

94.1 
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14.81 

>-35 

10.S2 

1.28 

2.68 

~4lfl 

5  X3  XA 

6.86 

977 
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15.00 

»-5l 

16.97 

1.57 

3.51 

+^i^^H 

5  X3   XA 

7.0a 

977 
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3.53 
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6  X4  X 

7.88 
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3.^>5 

15.36 

1.83 

29.05 

1.92 

5-31 
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8.07 

I0|.6 
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1.82 

29.10 

1.90 

53 1 

+  52    H 

12 
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4  X3  XA 

8.12 
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4.61 
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1-35 

13.25 

1.28 
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-JO      1 

5  X3  XA 

8.43 

177.9 

4-59 

2368 

1.52 

19.90 

1-54 

3-97 

—m    M 

5  X34XA 

6  X35X 

8.59 

178.8 

4-56 

1373 

t  54 

19-93 

1.51 

3-97 

—  JOA       H 

9.64 
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24.19 

1.89 

33.16 

1.87 

5.81 
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6  X4  X 
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24.19 

1.90 

J3-I5 

1.85 

S.81 

+•29    fl 

IS 

33 

4  X3  XA 

11.99 

392.6 
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45-35 

1.18 

18.86 

1.25 

4.26 

—43     1 

5  X3  XA 

12.30 

404.0 

572 
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>.33 

26.82 
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S-13 

—•23  H 

1  ^]}^f 

6  X4  XI 

12.46 

405-4 
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4571 

"•37 
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15.33 
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5.69 

46.70 
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6.84 
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43  < -3 

5.66 

46.6s 
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Properties  of  Starred  Angles. 

^ 

Two  AnglM  Starml, 

Two  Angles  StanwJ, 

Four  Angk^  Starred, 

Four  Angles  SUrred, 

J 

luiual  Lrgi. 

Unequal  Legs. 

Equal  Legs. 

Unequal  Legs. 

1 

r 

^, 

e 

rfi 

IB 

A_.^^y|^=,A 
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-J:              A 

1 

4 

. 

^^H— 

_^.-i. 

^ 

/ '    '^ b           J" 

!  \ 

•n 

""^ 

f 

T 

1 

Value*  for  Axe«  A-A  & 

Values  for  Axis  A-A  same 

B-B  same  as  io  Table* 
39  fc  40  rcapcctivcly. 

as  In  Table  38. 

Rai"Iii*?i  of 

Skeof 

ToUl 
Ana. 

Leajt 

Radius 
of  Gy- 

Stxe of 

Total 

ATM. 

L«asl 

Radius 
ofCy. 

Sixeof 

Total 
Arcai. 

Radius 
of  Oy- 
raLion. 

SUeoi 

Total 
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Cyr.itiL-ii. 

Axis 

AxiM 

AokIcs. 

ration. 

Atigfca. 

ration. 

Angles. 

Angles. 

A-A. 

B-B. 

A 

In. 

A 

re 

A 

r* 

A 

r* 

ra 

Id. 

IM 

la. 
2jx2xi 

tn.< 

In. 

In. 

In.* 

In. 

In. 

In.« 

In. 

In. 

"  1 

1.88 

•77 

2. 12 

•73 

2X3X1 

"   1 

3.76 

■85 

,ix„| 

+  .2+ 

Ml 

.80 

2.7a 

•74 

"     i 

3.10 

.78 

5-44 

.88 

6.20 

1.13 

81 

.J„lx| 

2.38 

•97 

3"ixl 

3.62 

1.00 

.i«h| 

4.76 

1.05 

ixiM 

5.24 

I.3I 

1.00 

3.46 

■95 

"     1 

3.8+ 

1.00 

6.93 

1.07 

7.68 

"33 

1.03 

JXJX 

2.88 

1.17 

3l«3^| 

3.1a 

1.22 

3xj.| 

5-76 

1-25 

3i?.3^| 

6.2+ 

152 

1.20 

*t 

4.32 

m6 

4.fo 

1,20 

8.44 

1.37 

9.20 

'•53 

1.23 

it 

SSO 
6.72 

1.13 

I.IO 

:| 

6.00 
7.34 

1.18 

1. 16 

"1 

11.00 
1344 

1.29 
1.33 

"1 

12.00 

I+.68 

1-55 
I.S7 

\2 

iHi^\ 

3.38 

«-37 

+X3X 

3.38 

1.23 

3K3J«| 

6.76 

;4i 

♦?.'*! 

6.76 

"•77 

i.t6 

4.96 

6.50 

"35 

(t 

4.96 

6.50 

1.31 

9.92 

9.92 

1.80 

M7 

"1 

I33 

II 

1. 19 

"1 

13.00 

1.50 

II   1 
II    j 

13.00 

1.83 

1.20 

7.96 

1.31 

II 

7-96 

1. 17 

15.93 

1.52 

>5.92 

1.8+ 

1.23 

♦«+il 

3.88 

rS« 

5x31! 

57a 

1.16 

^i^\ 

7.76 

1.66 

5X3X 

11.++ 

a-34 

tX)9 

'     1 

5.7a 

1.56 

41 

7.50 

i.i6 

\ 

"•44 

1. 68 

ti 

15.00 

3.36 

I.II 

"     i 

7.50 

1.53 

1* 

9.32 

».i5 

i 

15^00 

1.70 

II 

18.44 

2.39 

I.I  + 

"     1 

9.21 

151 

I* 

10.88 

i-«5 

"  1 

18.++ 

173 

II 

21.76 

3.+1 

1. 16 

S«5»! 

7.22 

1.98 

s^i\xi 

6.10 

<-37 

Sxsxi   1+.++ 

2.08 

5*3 i^j 

12.30 

2.37 

^'H 

n 

9.50 

1.95 

1*      1 

8.00 

1.35 

19.00 

2.10 

*    \ 

16.00 

2.29 

1.36 

11 

11.72 

1.92 

u 

9.84 

i-H 

"     lin 

2.12 

11    ] 

19.68 

3.31 

1.38 

tl 

13.88 

1.89 

u 

11.62 

1-33 

3.1+ 

33.3+ 

3.33 

140 

6x6x1 

8.7a 

a-37 

6x+x 

7.33 

1.56 

6x6xj    17.++ 

3-49 

'^l 

14-44 

■H 

1.50 

i>     1 

11.50 

2.35 

II 

9.50 

1.56 

"     j   33.00 

"     !i28.++ 

3.51 

"1 

19.00 

i-Si 

11     1 

I+.32 

2-33 

4* 

tl.72 

I  55 

253 

23-44 

3.78 

153 

u       1 

16.88 

2.30 

II 

13.88 

1.55 

"     \   33-76 

2-55 

"1 

"    1 

277'i 

3.80 

1.56 

■4         7 
"          1 

19^ 
22.00 

2.28 
2.26 

11 
II 

15.96 
18.00 

^54 

I-S4 

1 
"     1 

38.92 
44-00 

2-57 
a.59 

51.93 
36.00 

3.83 
3.85 

1.58 
].6o 

SxSx 

15.50 

3*17 

8x6x 

13.50 

2.39 

8x8x 

3100 

J-32 

8x6x 

27.00 

3.56 

3.33 

•t 

19.23 

314 

14 

16.73 

3.38 

•' 

38-44 
45-76 

334 
3.36 

" 

33-44 

3.58 

a.33 

II 

21.88 

3.12 

l« 

19.88 

3.J6 

** 

M 

39.76 

^•? 

2.35 

1* 

26.+6 

1.00 

II 

22.96 

3.35 

•1 

53.93 

3.38 

W 

4592 

3.63 

a-37     ,_ 

"  1 1 30.00  i  j.07 

It         - 

36.00 

3.J4 

"     1 

60.00 

3.+0 

"         1 

53.00 

36+ 

2.39 

m 

For  unequal  leg  anglM,  ihc  angle  between 

WTien  angle*  are  not  in  contact,  u»e  tables  38, 

n 

B'B  &.  C'C  varies  between  10°  fit  ;(+•». 

39,  &  40.                                                                      \         i 

i 

Tic  platci  for  unequal  Ic^  angle*  =  |". 
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T.\BLE  6». 
Pbopcstxes  or  Focm  Asglcs 


FovAi 

B 

1 

B 

Ana. 

UocBCBU  a<  taenia  ad  E«&  el  Gttmha. 

Ax4  &-B^                                                               AxxA-^ 

1  B«n             3  Ban 

r-r.     A^-r. 

1*        ri        Ib        Tfe 

ftl                     !'>!                    Wi                    Mi 

lOf 

1*         'a         Iji         'a         I*         TJI         >JI    ,     'A           It             r*      1 

I*. 

la,' 

!■.■      Iiu      Id*      In.      It*      Ift-      la.*      ts-      la.*      U-      !».'  ,    U-  |     In-*         tn.    | 

*i 

4^1* 

9-9* 
13^00 

11    i-so 
18    1,53 

39     1-9* 
53     i^I 

66    1j04 

13    1,55      71    3.68    113    4^ 
19    i.j8     100    3.61     16a    4.59 
16    i^    iiS    3.57    306    4.56 
41    1^     117    3.5ft    ao6    4.56 
5S    tj^    161    3,51    364    4-51 
69    JX*    191    348    317    446 

167    5'64 
i«o   5  59 
3°S    5-55 
30s   5'5S 
191    5-49 
47* !  544 

13"    6^4 

4*3  , 6-53 

639 1 6^3 

305 

f 

S6t 

S79 

7^ 
758 
754 
7-53 
748 
741 

1     2  Ban 

3  Ban 

10}             izi 

I4i 

^ 

ifl* 

3i»J*^ 

4MI 

991 
I3J30 

i;-9* 
If. 44 

<«44 

27    i/'S 
37    I'i? 
4/i    1.70 
39    I-H6 

S3     I  8S 
67    1.91 

19    1^71 
39    173 
49    1-76 
41    1.91 
36    1.93 
71  _  1.9& 

190    4^38    2^4    S34 
343    4-31    3^5    530 
19«    4^27    440    S^ 
III    4-19    3«^    S-3S 
271  ,4'a5^  408    5.21 
3I3    4'20    49i     S-16 

398   6-34 
$1%   6,28 
619   6-33 

444    6-32 

S7S  ;  6-"9 
69s   6-14 

533 '7  31 
687   7.37 
831  !M8 

59*   7-21 
77a  1  7-17 
935;  7." 

68s 

8S7 

I07S 

770 
999 

8.31 
8,26 

8.31 

8.10 
8.16 
S.ti 

1 

3  Ban 

- 
loj       1        lit              14I 

iH 

IS* 

*      1 

"      ir 

11. 10 
jr>oo 

I'yOO 

13-44 
S77<i 

76    J,sO!    79'2  5;'i4«    4-51     367    5-4l*  |  5" !  6.47 
loa    x.S3:io6    3.58    31a    4-4'^    47^    5-13     659   6-4" 
118    3,55  ,  133     a,6o'  38Z    4-40,571     5-39     Soo'6.37 
170    3.99     176    304  ,  370    4-|i     551  1  5-39  ;  770  ;  6.36 
JI3     3.01  1  2ZO     3.06     44S     4.37     669  ;  5.34  ,   937  ■6.31 
157    304    165  ,  309    5r7    4*33    777  1 5-29  1091  ^6.17 

^746 
878    74t 
1067   7.36 
IOJ7   7-35 
1151   7.31 
1462   ?.z6 

87J  '   845 
1129  '   840 

1374  I    8 36 
1321  1   8,34 
1614      8.30 
1888  1    8.24 

Tlie  above  table  ii  mtendcd  lo  icrve  only  as  a  ^ide  lu  the  choice  of  Mctbni  and  not  ai  «  com- 
plete tahlc.     The  properttrB  of  other  scCtLons  may  be  found  a«  follows: 

'I'hc  arcAi  and  momenta  uf  inertia  of  four  angles  about  the  ails  A-A  arc  given  in  Table  31,  fbr 
ec|ua]  l«!(f  aniclci;  Tabic  31,  fur  unequal  leg  angica,  bng  legs  oyu  and  Table  5^  unequal  leg  angles, 
■h'jft  ItKt  oui;  the  aila  A-J  corrcHpondJug  la  aii«  A'- A'  in  Tablei.     TTic  radiui  of  gyration  about 
ajcii  A-A  may  \x  calculated  from  the  formula  f^  -=  V/j^  -r  j^. 

1'bc  momcnu  uf  inertia  of  four  an^b*  about  the  axis  B-B  are  given  in  Tabl«  35,  36  and  37. 
the  aiij  B-H  c!Cirrci[xindinu  to  Y-Y  in  Tables-     The  radii  of  gj-fation  of  four  angles  about  the  aiii 
B-Ii  may  Iw  calculated  from  ihe  formula  r^  =  V/^  -i-  A^  or  may  be  found  from  Tablet  jS,  39  and 
40,  ihc  radius  of  R>Talion  of  fngr  angles  being  equal  lo  that  of  two  angles* 
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^ ^^^^^^^^^^^B 

Properties  of  Four  Angles  an-d  One  Plate.                                        ^^B 

Piopertlci  of 
Plate  ood  Angle                            A^-^ 

B 

! 

J                  i                                       without 
.-A   /i                                 Flange  Plat« 
■^    *?                                      LOQtt  LctM  Out. 

1 

Column  SecUoaa.                                        jjk                j             j  -  Width  of  Web  Plale  Ph«  \  In. 

i 

1 

ScrlM  I 

1 

and  11. 

Scries  I. 

Series  11. 

Momenta  of  Inertia  aad 

Momtnti  of  Inertia  and 

RtidU  of  Gyratian. 

Radii  of  Gyration. 

J 

Web 

Pour 

Total 

Four 

Total 

PUte. 

An^le*. 

AniL. 

Axil  A-A.      1      Axis  B-B, 

Aaglta, 

Area. 

Axis  A-A. 

Axil  B-B 

* 

'A 

r*      1     In     ( 

rn 

Ia 

U 

la 

ffi 

In. 

la. 

In."         In> 

In 

In.* 

in. 

In. 

In." 

In.* 

In. 

In* 

In 

8x1 

jxijxj 

714 

81 

ri6 

10 

1. 19 

3h2hi 

7.76 

90 

3-41 

16 

1-44 

8.48 

97 

1.?8 

13 

I.J3 

'•  A 

9,12 

108 

3-43 

20 

\t 

8iA 

jJxzJxA 

9.62 

no 

3.38 

21 

1-47 

+,3xA    10.86 

122 

3-35 

30 

10.94 

127 

3.40 

35 

1.51 

"      1 

12.43 

»4i 

3.36 

36 

1. 71 

8i| 

If^H 

12.92 

143 

3-33 

37 

1.70 

-p|, 

16.00 

'7« 

3-33 

5° 

1-77 

14.48 

t6i 

3  34 

43 

>73 

17.48 

«94 

3-33 

56 

1.79 

loxA 

ji"}xA 

I0.2S 

181 

4.20 

21 

1.43 

♦^j^'^ 

11.49 

30 1 

4.18 

30 

1.63 

'* 

" 

11.57 

208 

t\t 

35 

1-47 

»305 

231 

4.22 

36 

1.67 

iox| 

13.67 

237 

37 

1,65 

6x4x1 

18.19 

319 

419 

119 

2.56 

15.23 

267 

4-18 

44 

1.69 

"  ^ 

20.47 

361 

4.20 

139 

3.61 

<S-95 

279 

4.18 

7> 

2.10 

"  \ 

"■75 

40> 

4.20 

160 

3.65 

** 

17.87 

315 

4.20 

8a 

2.M 

"  ,'.  24.99 

440 

4.19 

180 

Z.69 

lox) 

21.00 

360 

4-»4 

98 

2.16 

6x4x5 

24.0c 

413 

4-14 

165 

3.63 

«l 

22.88 

393 

4^14 

in 

2.20 

"1 
Sx3jx^ 

26.24 

451 

4-15 

187 

3.66 

u 

a^ 

.68 

434 

4«S 

133 

2.22 

28.44 

489 

4-1? 

306 

a.69 

i«A 

12.11 

30+ 

5.01 

3? 

I.?? 

13.99 

355 

5.02 

58 

3JH 

13.67 

350 

5.06 

36 

1.61 

<S95 

413 

504 

69 

3.08 

^^^\ 

14.42 

359 

4.99 

37 

1.60 

6x4x1 

18.94 

481 

\°^ 

119 

3.51 

15.98 

404 

5.02 

44 

1.66 

u      T 

21.22 

544 

139 

3.56 

i> 

16.70 

4ii 

5.02 

70 

2.05 

23.50 

605 

5-07 

160 

3.61 

f* 

18.63 

476 

504 

82 

2. 10 

25-74 

665 

S.o« 

180 

3.65 

II 

30.50 

526 

5-06 

95 

215 

27.94 

733 

509 

300 

3.67 

i"| 

5y*\ 

22.00 

It^ 

4-97 

98 

2.11 

6x4x1 

15.00 

623 

4-99 

165 

3.57 

*« 

33-88 

5.00 

til 

3.16 

37.24 

683 

SOI 

186 

3.61 

II 

M 

25.68 

643 

5.00 

123 

a.19 

ti      1 

29-44 
31.60 

741 

5.02 

206 

3.65 

1* 

"      t 

2748 

69i 

5.02 

>3S 

3.21 

"   w 

794 

5.01 

228 

a.69 

II 

I9i4 

735 

5.01 

149 

2.26 

33.76 

849 

5.01 

249 

3.73 

The  ibove  table  ii  intended  to  icrve  onl/  a«  a  guide  in  the  choice  of  scctioni  and  not  ai  a  com- 

plete table.    Tlic  properties  of  other  seciioiu  may  be  found  as  follows: 

Example:  Required  the  properties  of  a  section  competed  of  4  ^  s"  X  31"  X  A">  long  legs 

out,  12 

i"  back  to  back,  and  one  plate  11"  X  A". 

Ai^ 

Monieot  of  Jnertla.             |           Rudius  of  Gyration. 

Item. 

AakA-A. 

Aab  &-B. 

Axi>A-A. 

AxbB-B. 

Table 
No. 

A 

Ia.t 

Table 
No. 

1a 

Table' 

l> 

U-I'Ia  +  A 

ra-l^U  +  A 

ts. 

In,* 

No. 

Ia.« 

In. 

In. 

i-^s^jlxA 

33 

14.12 

33 

403 

36 

84 

\  19.37 

x'    ** 

k 

- 

1  PI— 1  ax  A 

I 

S»5 

3 

63 

4 

0 

A  19.57 

Tot  ill 

A  - 

>9-17 

I4  - 

466 

U  -       84     1    r^  -  4-90 

r«  -  1.08 

185 

1 

1 

^B^^^^^^^^^^^^^^^^^H 

r 

PROPEjrnES  or  Fon  ,\sc4.£S  am>  Thkee  Plates,                              ^^1 

1 

B 

ft                           d  -  WUch  otf  Web  FlM*  Tim  %  U. 

ScfSa  I  ud  a. 

Serieat. 

Sedeall.                                            | 

1 

Momnitf  of  Inertia  and 

Vooenu  «f  Inenm  orI 

W>4> 

Radii  0^  Cyntion. 

Tm> 

Total 
An*. 

RadH  of  Cmtiaa. 

PUU.     AntW. 

Axii  A-A.           Ajja  B-B. 

COWT 

PlaiM. 

A2lt  A-A-      1       Ajdm  B-B. 

U      \    ta          Ib      i      Tb 

I*            f*            I»            »-■ 

u. 

In. 

In. 

In.« 

In.- 

tn.       ln.4    { 

In. 

In. 

In.* 

!«,•          In.     1     In.*    1      In. 

loxl 

4«3»l 

toi      21.17 

459 

4.62 

100 

2.17 

xoxi 

33.67 

540 

4-7« 

131 

1^ 

*' 

"     26.75 

'!98 

4-73 

«34 

2.24 

tl  1 

25-50 

683 

5.16 

>S4 

m6 

1 

iox| 

5«jUi 

I2X    ;  26.20 

556 

4.60 

181 

2.6^ 

I2Xi 

29.20       653 

4-73 

"7 

3.73 

•  I 

IV00 

723 :4.68 

242 

2.71 

u    1 

36.00      824      4-78   '     27« 

2-78 

nxj    s.jjxl 

I2X      :  25.70 

794 

53" 

179 

2.64 

12X 

28.70      929      5  69 

215 

274 

" 

** 

"         I  32.50 

1034 

5.66 

239 

3.71 

35-50!   "73  1  5-7S 

l^ 

».7« 

I2xi 

5X3J^ 

34-00 

1052 

tS9 

242 

2.67 

37.00 

II9t       5-68 

*-74 

" 

40.68 

1290 

5.63 

305 

2-73 

tl 

43.68 

1387 

SM 

339 

»-7« 

izxi 

6x4x 

«4^ 

29.44 

916 

s.s** 

391 

3-14 

32.94 

1073 

5-7f 

34? 

S.«5 

It 

•t 

11 

3750 

"97 

5-6S 

388 

3-22 

i 

41.00 

1360 

5-7<> 

446 

3-29 

i"4 

6x4x 

39.00 

1215 

It 

6.46 

394 

3.18 

43.50 

1378 

5^ 

45" 

3.26 

** 

"         46.94 

1496 

492 

3-24 

5044 

1664      5-75 

549 

3J0 

M>i 

6k4x 

»4^ 

30.19 

1261 

291 

3.10 

I4XJ 

3369 

1469 

1857 

6.60 

348 

3.31 

■  • 

i« 

It 

38.2s 

1644 

6.SS 

388 

3.19 

4«-75 

6.67 

44<> 

3-27 

H'^k 

6x42 

(* 

40.00 

167a 

6.46 

394 

3-H 

tt    1 

43-50 

1B85 

6.58 
6.63 

45 « 

3^ 

6x4x 

47-94 

2052 

6-S4 

492 

V20 

5«44 

3363 

54? 

Jj6 

14«I 

49.69 

2081 

6.47 

499 

317 

53-19 

2393 

6.57 

556 

3-2) 

16.69 

2519 

6.68 

6m 

3.29 

60. 19 

2764 

6!96 

671 

5-34 

tt 

<( 

"  H 

61.69 

3006 

6.87 

728 

3-38 

(I    1 1 

67.19 

3770 

7«S 

3-M 

tl 

t< 

- 1  j  70.69 

35U 

7.0s 

842 

3.45 

II    J 1 

74- 19 

713 

899 

3-48 

ti 

"  1  1 77-69 
"  I  ,  8469 

4048 

7.22 

956 

3.51 

i>    ,1 

81.19 

4327 

7-30 

1014 

" 

4615 

7.38 

1071 

3-?6 

86.19 

4910 

746 

1138 

II 

M 

"   2j    91.69 

5214 

7.«>4 

1185 

r6o 

"34 

95- <9 

5525 

7.6a 

1343 

«• 

«< 

"  2|i  9«.69 

5846 

7.69 

1299 

3.63 

"  2$  102.19 

6175 

7.77 

1356 

$M 

The  above  tabic  U  inter 

idcd  to  serve  only  as  a  jfuide  in  the  choice  of  »eclioai  and  not  as  a  two*-      1 

plcte  tabic.     'ITic  properties 

of  other  tcctions  may  be  found  as  foUowi:                                                        ■ 

Example:  Required  th 

c  properties  of  a  section  composed  of  4  ^  5"  X  3i"  X  A"»  l*w*8  '««»       1 

1 

out,  I 

1^"  back  to  back,  one 

web  plate  13"  X  A"  and  two  flange  plates  12"  X  1". 

ItOD. 

Aran. 

Moment  of  Inertia. 

Radiua  of  Cyntioo. 

Axil  A-A. 

AxkB-B. 

Axil  A-A. 

Axii&-B. 

Tttble  1 
No.    1 

A 

Table 
Ko. 

h 

Table 
-     No. 

1     Is 

Ta-V'Ia+A 

rn-iMs-^A 

In. 

In.« 

In,- 

In.« 

In. 

In. 

I   PI— I2XA 

a  Pl-iaxI 

33 
1 
I 

14.13 

5-15 
9.00 

33 
3 
5 

403 

63 

359 

36 

4 
3 

84 

0 

loS 

V28.37 

J«9V 
A  38.37 

1 

Total 

^- 

28.37 

/a- 

82s 

/.- 

193 

'*  -  S-59 

r,  —  a.60 

—J 
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■ 

■ 

■ 

„ 

^^^^H 

^^^^H 

^^^^H 

^^^ 

TABLE  71.                                                ^^^^^1 

Pkoperties  of  Four  Angles  and  Two  Plates.  Laced, 

Propcrtica  w                       ^^f    "T"" 
Four  Atutles  and                           \        1 
Two  Plate*.                       A                ; 

Anxkrs  Turned  Out                     "I  •  -  ^»  - , 

and                               J 1 
Angln  Turned  In.                    ^-fz—i—-. 

Ib 

1^ 

Vs^._..- J^E^'tzr^^               b  -  Width.  Back  toBnrk 

BK           !             ff^  1   T                      '^f  AnglM.  for  Equil 
Y      .         *       A     r        '         1    1                   Moraenu  of  Inertia 
L.A      j      &_j i ||Ji.            about  Axes  A-A  and  B-B 

t-l... 

U-.-^.-.J                   with  AnulM  Turned  Out. 
n        ;         (^                        c  -  Same  us  b.  but 
'H!=?-4..ft4l'            ^      with  An«I«  Turned  In. 

j                     d  *-  Depth  of  Web  PUtea  +  \". 

I*  3.  .1 

Serial. 

Series  3. 

Serie«3. 

Series  4. 

^g!  tSd 

Ui 

-06 

u. 

-nd 

■M  4 

•nP 

and  4. 

Size  of 
Annkr. 

A 

I 

s| 

II 

I 

it 

Ij 

A 

I 

u 

r 
In. 

II 

o5 

I 

11 

r 

i! 

■ 

r 

b 

In. 

c 
In. 

A 

b]    c 

b      c 
tn.    In. 

A 

In.> 

b 
In. 

c 
In. 

In, 

In.» 

Ia.«    In. 

tti,* 

In,« 

la.  { ta.  1  Ir. 

In.* 

In.< 

Ifl.<|  In. 

8")il"  Web  Plate*. 

8"xr  Web  Plates. 

S"xi"  Web  Platea. 

8"si"  Web  Plata. 

2;12Jk 

8.76    83 

3.08  5.4 

6-7 

10.76!  94!a-9S 

5-3 

6.3 

1276  io5'2.87  5.4 

5.8 

14.7611512.795-3 

54 

10.91  109 

3.16  S.3 

7.0 

12.92  1 193.04 

5-3 

6.6 

14.92,1302.9515.4 

6.1 

16.93J141  3.89  5.2 

5-8 

13.00 

131 

3.19  S-^ 

7.3 

I5'a>>43'309 

5-1 

6-9 

i7'00  1543.01  5.J 

6.5 

i9-oo;i65  2.95  5.2 

"'1 

9.76 

93 

3.09 

5." 

6.8 

EI.76  I04'2.97 

5.1 

6-4 

13-76.1152.89  5-1 

6.0 

15.76  1262.83  5.1 

5.6 

<2.44 

113 

3»5 

5.0 

71 

14.44  134  3.0s 

50 

67 

16.441452.97  s-o 

6-4 

18.44j15G2.91  S-o 

6.0 

[5.00 

'51 

317 

4.8 

74 

17.00  162  3.09 

4-9 

7.0 

19.001733.02.4.9 

6-7 

21.00  184  2.96  5.0 

6.3 

Ji-tjixj 

13.91 

137 

314 

4.6 

7-3 

15.921483.05 

4.7 

6.9 

17.921592.98  4-7 

6.6 

IQ.92  1702.914-8 

6.3 

::  } 

17.00 

168 

3-15 

4.5 

7.5 

19.00  1793.07 

4.6 

7.a 

21.00  1903.01  4.5 

6.9 

23.00201  2.064.6 

6.5 

19.92  T96 

3  <S  4.3 

7.7 

21.92  20713.08 

4-4 

74 

23.92  21813.02  I4.3 

7-1 

15-92 

lo"! 

22913.97  44 

6.8 

■ 

io"xrWcbPUtc9. 

io"i|"WebPUi«. 

I0"xj"  Web  Plates. 

T' Web  Plates, 

2}«!,i 

9761433.81^6.1 

11.93185  J.94  6.6 

7-"; 

12.36163I 

3.63  6.5 

7.3 

14761183:3-51 

6.6 

7.0 

I7.26;204'3.44  6.8 

6.7 

H.I 

11.41 
16.50 

105 

3-77 

6.7 

7.8 

I6.92l2i6'3.66 

6.7 

7-S 

I9.4i'247'3.56  6.8 

7.1 

1 

"  i 

14.00 124  4/x>  6.9 

8.8 

144 

3.85 

6.9 

8.4 

19.00  265J.73 

6.8 

8.0 

21.502863.65  6.8 

7.5 

1 

ffj'l 

10.761593.84  67 

8.3 

13.26179 

3.68 

67 

7.8 

15762003.56 

6.7 

74 

1        1 
18.26211  3486.7 

6.9 

^J 

13.44  2093.94  67 

87 

15-94  "9  3.79  6,7 

H.2 

18.44  250  3.67 

6.6 

7.8 

20.94  1713-60  6.6  i7.3 

^^H 

"  1 

16.002564.00,6,6 

9.0 

18.50  276  3.86 

6.6 

8.6 

2X.0O  297  3.76 

6.6 

8.1 

23.50 

3183.686.6 

7-7 

^1 

ihjI'J 

M-91131 

394 16.4 

8.9 

[7.43  252  3.80 

6.5 

8.5 

19.911733-70 

6.4 

8.J 

23.42 

294  3 -62  6.4 

H 

] 

i8.oO|285  3.98  6.2 

9.1 

10.50  305  3.86 

6,3 

8-7 

23.0032613.76 

6.3 

S' 

15.503473-696.3 

7.8 

^^1 

"    t 

20.92  3  3 3!  3 -99 '6.0 

9-3 

13-41 353  3-88 

6.1 

H.9 

2S.9il374'3-78 

6.2 

8.5 

28.421395  3-72  6.2 

8.1 

J 

ia"xrWebPUtet. 

li"jr'WebPUt«. 

i2"irWcbPiitw. 

l2"xr'WebPUtM. 

a)xi|x 

10.76  220  4.51 

8.4 

9-4 

13.76  256  4.3a 

8.3 

9-0 

l6.76|292;4.i7 

8.2  1  8.5 

19.76,3284.08.8.2 

8.0 

It 

12.922884.72 

8.5 

9.9 

15,923244.51 

8.4 

9-4 

18.g21360l4.36 

8.3     8.9 

2i.92l396  4,25!8.j 

84 

^^1 

ti 

15.003434-78 

8.6 

10.3 

18.00 

379 

4-59 

8.5 

9.8 

21.004154.4s 

8-4 

9-3 

14004514-34,8.3 

8.8 

^ 

3J3'J 

11.762464-57 

8.3 

9-7 

1476 

282 

4-37 

8.2 

9-3 

1776318 

4.^3 

8.1 

8.8 

20.76  354'4.i3'8.o 

8.3 

14.443224.72 

8.2 

10.2 

"7.44 

J5« 

4-':3 

8.2 

9.7 

20.44394 

4-39 

8.1 

9-2 

23.444304-18:8.1 

8.7 

"          J 

17.00  392  4-8o  8.2 

10.6 

20.00 

418 

4-63 

H.2 

10. 1 

23.00464 

4.49 

8.2 

9-6 

26.005004.398.2 

9.0 

5U5ix! 

15-91356473  8.0 

10.4 

18.921392 

4-55 

7-9 

9.9 

2l.92'4i8  4-4- 

7.9 

9.4 

24.91  464  4-31  8.0 

8.9 

•^    »»     1 

19.004374.80  8.0 

10.7 

22.00 

473 

464  7  9 

10.2 

25.005094.5117.9 

9-7 

a8.ooi545!44i  8.0 

9.1 

"     1 

21.925124.83  7.9 

11.0 

24.91 

5484-69 

7.9 

10.6 

27.91  S844'S7  7.9 

10.1 

30.91 

63014,48 

7-9 

9.6 

■ 

4M*l 

1744  3R8  4.72  7-7 

lo.t; 

20.44 

4l4'4-58 

7-7 

10.0 

23.44  46o'4.43  77 

94 

26.44 

496,4-33 

7-7I9.0 

^ 

"  1 

21.00480478  7.7  10.8 

24.0015164.64  17-6 

10.3 

37-00  5524.53  7.6 

9.8 

30.00 

588443 

7.69.3 

1 

24-44563,4-80  7.6JII.1 

17.44  VW  4-67   7.5 

10.6 

30.44635,4.57  7.5 

to.i 

33.U 

671  4-5 » 

7  5  97 

1 
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TABLE  Tl 


r*^ 


OF  Foci  AxGixs  ASD  T«o  I\j»-nc3.  Lacbd. 


I.J.J 

U4  4- 


1626  4M5^, 

18.94  5205.14 

il.SO|  6*0|S.37| 

J04J  STO-S-aS; 
23.50  6855-40, 
264i,  79V5-*7 


21^'  616J5.30  9.}<ii4  25-44]  673'5i5l 

--  "   "■"  -  -  ■    9.3  1 1 J  29.00,  804  5.26' 
9.2  I3.I  j2-f4!  9^4  5-341 


2550   7475-4> 

28.94    867;5-*7 


I 


I 


A-ji' 


4x4x1 

"  I 

6i6i( 


jUjJ, 


if*"] 


txftx 


li 


S3 


I    b 


U.>  1  U.*     la.     U-     U. 


14"  X  r  Web  PLtd. 


96  10  3 

9-7  10-^ 
9.8  11 


-1*5 


9.611.1 
9/.  11.6 
9.6  1 2. 1 


l6''zrWebPUte». 


25-92    «7$  5-80; 

Z9.00;I028  5^ 

3i^iii72!6jo6 

2744'  V37  5-84 
3i«3  11135-79 
34.44ji276j6j39 

334411655.90 
39,00  1413  6.02 
44.441647,6.09 
49.76,186716.13 


IIJ5  I2.0J 
IM  124 
1 1. 1  12.8 

I 

10.9  1 2.1 

10.9  12.5 
10.9  13.0 

9.8;  12.8 
9-7i>3-2 
9.613.6 

9.5  «4^ 


18"  1 1"  Web  Plate*. 


17.92  11716.49 
31.00  1373  6.66 
33.92  15616.78 

2944' "56  6-53 
33/»  1185  6.71 
36.44  16996.82! 


124  13.2 
12.6  13.7 
ia.7ii4-2 


I        I  I 

41.00  18846.78  11.5  14.8 

46.44  2191  6.87  11.3  15.3 
51.7624826.92  II. 2'is.5 
56.93  3762  6.96|ti.i  15.2 


U.*  ,  ia.*    la-    la. 


iVxT'^'cbPUte*. 


19.76. 

2344 


1 

23.91 

27.00 

29,92, 


471 4-S9 

577  5-07; 

6775-2OJ 

6*75.12 
742  525 

848532. 


9.6iox>:-  ;  77  9-5   9-5 

9  7  104  ;  n   9^ 

9.8  lo^i^..-     ;i4  5-07j  9.7KK.3 

6I2742'  68414^  9.5  IO.J 

30.50   7995.13   9l5  iol6 

-6U342,  y>5,S-20^  9^S:"-o 


9.6  10 
96  ir.i 
9/>il 


10.938 


9-3 

9  3  ".3 

9.21 


32.5a  w>i  5.15   9.3>iol8U6lOO  91 
735-94   9815-^3    9-3i"-*J9-U>o- 


l6"xi"WebPUt«. 


29-91  959566; 
33/X)  11145.81, 
35.92l12s8s.93j 

3144;  1033  5.71, 
35.00:11995.85 
3844,13625.96, 

I 


9.8 
9.7,12. 


J744I 1251  578 
43.0014995.91 
48.4411733  5-981  9'&,>3-2 
53-76;  1953  6.03 


iB"irWebPlaic». 


33.42'i293:6.32|i24  12  8 

35-50  1495  6.49  13-5  13-3 

38.43  1683 '6.63  13.6  13.7142.92  I 


13413.5  33.94  I378I6.38  I2.3'l3. 

12.5  I4X)  37.50  1607  6.55  12.3  134 

12.6  14.5  40.94  i82i'6.67  13.4  13 


45.5020066.64  II. 5  14.3 

50.9423" 3 '6.74  "3  >4*71 
56.2636046.80  11.3  15.1 
61.42  2884^6.85  II. I  15.5 

128 


Suiu  }. 


—    B        ~ 


.t  -=< 


la.     la. 


U"irWcbPUtc». 


9^»944 


.9J  730i'5-»J  9-Ji 
50^  861  5.15   9.5I1 


i6"x5"WebPlat«. 


11.011.533.92  10445.53  10.9  11.05792  1129 
11.011.937x10  11995.6911.0  11.5  41.00  1284 
ii.i|i2.3|39.92:i343<s>8oiix>|ii.9  45j92  1426 


10.9  11.7  3544  iioS  5.60  10.9  1 1. 5 
10.9  12.3  39.00  12845.74  10.9  11.8 
10.9  i2.6|42.44Jl447  5Jt4  10.8  13.1 


l24|4J-44  13365^1  9-9'ti.> 
847.00:15845.81    9.8;i3,6 
53.4418185.89   9.7!i30 
9-5,»3-6|S7-76i20385.94,  9.6[i34|6i 


l8"xr  Web  Plate*. 


36.92  14146. 19 
40.00  101 


25,12.5 
66.36  12.5,12.9 
64S  12.5.13. 


.9  3844'i499|6.25  12.3  12 

42.00  1728642  12.3  13 
9|4S-44<942  6.54' 124  134 


50.00  2127  6.53I11.5  13.8  54.50 


55442434 

60.76: 2735 
65.92I3005 


31 


II 


II  Is 


II 


la.a     la.*     la.    la.  I   k. 


I4'*x  I"  Web  PUut. 


a6L76  585*4^'  9.6I   9fi 
691  4-84  9.6   95 


52J»,  79«4- 


97^  9^ 

54.00    g: 

36.93    9^^:  , 

3244    7«T  4.9^1  9^ 


too 


l6''xrWebPtataa. 


3944  1193 
43.001369 

46-44  "53* 

4544  I4»I 
51.001669 

5644,  >903 
763133 


546  IO-9  lasj 
5.60  10.9  1 1^1 
S.7d;iij:^ils| 

5-641* 
5-74 1< 

S.6oiOuil  ttil 

5.73  lO.l'  itil 
5.81  iox>j  t^sl 


i8"xrWebPUte«. 


4"42  15'' 
44-5017: 

4742. 1 9-' 


643 


L.J 


941631  6.i4'ii.i|  IM 

46.50  I  850  6.3 1  13.2;  13  d 

49.9430646^3  12.3  U9| 


6.63]  1 1.3!  14.2 
6.69111.3  14.6 
674  II.3  15.0 


5994 
65.16 

7043 


22491643'lM  1)1 


3I-; 


•1 


TABLE  7X.—CaiUiHued. 
Properties  of  Four  Angles  and  Two  Pi.atfs,  Lackd. 


IB 


la 


Pi^pertlMof 

Four  ADglea  wad 

Two  PUtea« 

Laced. 

An^es  Turned  Out 

and 
Anglcfl  Turned  In. 


J 


.•^: 


r- 


rn 


k..llU-..-i-..-lk4J 


Ff 


IB 


b  -=  Width.  Back  to  Back 

of  Antics  for  Equ^ 

Moiiiuits  of  Inntla 

about  Aim  A-A  and  B-B 

with  Amtlci  Turned  Out. 

c  —  Same  aa  b,  but 

with  AiiKlct  Turned  In. 

-  Depth  of  Web  Ftete*  +  i' 


IB 


Serie* 

I.   2,3 

and  4. 


Sire  of 
Ans^'^L 


fn. 


jJxjUl 


:  } 

6x6x* 

I 
I 


}U 


I 


Jj«j 


+X41 


6i6xJ 


6x61 


i 

BxHx\ 


Stria  I. 


11 


tn.>     Id>    In.     In 


11 


io"xi''  Web  Plates. 


29.g2  I525  7.i4'i3.8'i4.5 
33.0017797.34  14.0  15.0 
35.92  1017  7.50  14.2  15.6 


3i.44'i634  7.2i!i3.7:i4.8  36.44,1800,7.03  13614.2 
35.00  1923  7.4i'i3.g  1^.4  40.0020897.23  13.8  14.8 
38.44>i94  7-58l"4*  lM43-44i336o7-37ii3-9;<5  3 


43^14367.53  13.1  16. 

48.44!  2828  7-64' 1 3. 1 1 16. 
53.7632027.72,13.0:17. 
58.923561  7.79112.9117. 


a2"xrWcbPIalct. 


48.00^2602  7.36  13.Z1 15.6 
6|53.44'2994  7-40!l3i  <^  < 

o  1:8.76  n'^S7  57ino  16.^ 

4163.923737  7-64^ '^-9 '6.9 
xl"  Web  PUlca. 


3742  2161  7.6o|i5.o  15.2 

40.5024737-82  iSJ|iS-7 
434227667.9815  s  16.2 


38.94'2296  7.68  15.045.5 
42.50:26^2  7.90  15. j'i6.i 

45.94.1988  8.07:15-6,167 

50.503295  8^  14.6,17.0 


3^-5"  J*^*  ""^^  •»''-'|»/* 
55-9437838.2214.6117. 
61.2642408.33    14.6    17.9 

66^2  4698  8.42  14.6!! 8,3 


a4"xr'  Web  Plaici. 


47.4431588.16 

51.0035888.47 

4844|3707  8.7S|«6,8|  17^5444  3995  8-57 


4 1. 44' 1870  8.32  i6-4|i6.7 
45-00,3300  8.56  16.6  17.3 


53.00' 4089  8.79  i6.2  18.4 
58.44'4684  8.96  16.2  18.9 
63 .76  5253  9.08'  16.2  19.3 
68.92  580J  9.18  16.2  19.8 

61.0047728.85  15.3,19 
68.4455378.98,15.2,19. 
75.76 6268 9. II  1 5. 1 120. 1 
82.92  6976  9.16  15.0  20.5 
900076539.22  14.9;  ao.8 


Serleia. 


li 

(So 


In.*    la.     In 


li 


In. 


ao"x|"  Web  Plate*. 


34.92  1691  6.96  13.7  14.0 
38.00  19457.15  13.9  14.5 
40.92,21837.31  14.0  15.0 


32 


42.92  2383  7.A5 
46.00  2695  7.68 
48.92  29S8  7.82 


14.9  14-8 
15.2  15-J 
15.415.8 


44.4425187.54  15-0  152 
4H.00  2874  7.74  15.2  157 
5144  32107.90  154  16.2 


^1        I       ,     ^'< 
56.0035177.93114.616.5 

4|6t44  4005  8.08^  14.6  16.9 

66764471  8.19  14.6  17.4 

71.92  49208.27  14.6  17.8 


24"xr  Web  Plata. 


59.004377, 
64.44  4972 

69-765541, 
74.926090 

o|67Xio  5060 
74.44  5825 
81.766556 
88.92  7264 
96x507941 


16.3  16.3 
16.5  16.9 
16717.4 


8.6i  16. 
8.79:16. 
8.9216 
9.02  16. 

'a.69'15. 
'8.851s- 
8.9<'.I5- 
9.04! 15. 
9.10,14. 


>,<7'9 

1  >8.4, 
218.9 

2,19-3 

3  18,5 

2  19.1 
1  19.0 
019.9 
920.2 


Series  J. 


I? 


In.« 


il 

^^ 

I 

la* 

(2o 

r 

^i 


Iq.     In 


20"xJ"  Web  Plates. 


39.92'i858  6.83  13.6,13.5 
43,oo'2ii2  7.02  13.8  14.0 

45.92,2350  7.15 13.9 14.5 


41.441967689 

45.oo'22567X)8 
48.44]2527  7-*3 


13.6 

>3-7 
13-9 


53.0O12769  7.13  >3-3 
58.44'3i6i  7.36  13.2 

6576  3535  7-45ii3i 
68.92.3  89417.52112.9 


13.8 

14-3 
14.8 

15.2 

15.6 
16.0 
164 


23"xr'  Web  Plate*. 


48.42 
5^.50 
54-42 


26057.3414.9 

2917,7.53, I5-1 
321017.67,15.3 


14.3 
14.8 

15-3 


49-94  2740741  «5-'  14.8 
53.5030967.61  15.2  15.3 

56.94  3432i7-76iS-3  15-7 

61.50  3739I7.80  14.6  16.1 
66.94  4227|7-93  14-616.5 
72.264693  8.05  14.6  16.9 
77-42  51428.15  146174 
34"xi"WebPUtei. 


53.44  3446|8.03|i6.iji6.o 
57.00,38768.25116.4116.5 
60.444283  842116.6  16.9 


65.004665 
70.445260 
75.765829 
80.926378 

73.00  5348 
80.446113 
87.76  6844 
94-92  7552 
10Z.008229 


8.47:16.01 
8.64' 16.0  I 
8.77161 
8.8816.1 


18 


18 

8.5615. 3'i8x> 
872  15.2  18.6 
8.84  15. 1  19.1 
8.93  15.0194 
8.99  14  9  »9-7 


Serk«4> 


In." 


So 


In. 


^< 


In. 


In. 


2o"x|"  Web  Plates. 


44-92  6.72I13.5  13.0 
48.00  6.901 13.6  13.5 
50.927.0313.714.0 


46446.78 

50.006.96 
S3-447.10 


SSjoo 
63-44' 
68.76: 
73-92! 


I3-5II3-3 

13.6,13.8 
13-7H.2 


7.12x3414.2 

7.2413-3I14.7 
7.34i3«i«5-2 
7.42112.9157 


22"xi"  Web  Plates. 


53-92 
5700 
59-92 


7.24  14.8  13.9 
743  15.0  144 
7-57. 15-2;  *4-9 


55.447.3015.1  14.2 
59.007.51  15-1  14-7 

6244,7-65  iS-YS-3 

67xx)7.69' 14.6]  15.6 
7244'7.83  14-616.0 
77-76,7.961 14-6, 16.5 
82.9218.04114.5 '  16.9 

24"xi"  Web  Plates. 


59  44|7-93|iMi5^ 
63.00  8.14  16.3  K0.0 

66.44  8.30  16.5  164 

71.008.36  16.0  16.9 

76.44  8-S3'i6.o  174 
81.76.8.66I16.1  17.8 

86.92  S.76  16.1  18.5 

790o845'i5.3;i7.5 

86.44  S.60  15.3  18.0 

93-76,8.72|i5-3,i8.S 

ioo.92|8.82|i5.2,l9X) 

108.008.89  15.2119.5 
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. — Conhm 
Properties  op  Foir  Angles  and  Two  Plates,  Laceix 


Propcrtiw  of 

Four  AiiRlrs  and 

Two  Plalca, 

Laced. 

Antlea  Turned  Out 

und 
Aniflra  Turned  In. 


Ib 


b  <■  width.  Back  to  Back 

of  .\nKles.  for  Equal 

Mo  menu  oC  loertu 

about  Ajiea  A-A  and  S-B 

for  An«tes  Turned  Out. 

c  —  Same  as  b,  but 

wllb  Anel<^  Turned  In. 

=  DetH.h  of  Web  PUtes-f  |' 


BerlcM 
and  4- 


In. 


I 


6x6xi 


8x8xi 


"    I 


0 


Ia.« 


In* 


In,    1  In.  <  In 


26"i  I"  Web  Plates. 


6x6xJ 


8x8ii 


M^l 


6x6xi 
'•    i 

"    i 

SxSii 


43-94 
47.50 
50.94 

55-50 
60.94 
66.26 
71.42 

63.50 
70.94 
78.36 

85-42 
92.50 


3516 

8.96 

4039,  9-23 

4523;  942 

4990  9-48 

5702  9M 

6385  9.82 

7043  9-94 

5818'  9.58 

6737 

9.75 

7617 

9.88 

8+71 

9.96 

9289 

10.02 

177:18 

1U.018 
18.2119.2 

1 7-7!  1 9-7 
17.8  20.2 
I7.8|20.8 
i7-9i2".3 
16.820.5 

16.8!  2 

i6.8|2i.6 
16.722.0 
i6.6!22.3 


28"irWebPUte«. 


53 '441 
57-00| 
60.44 

65.00] 

7044 
75.76 

80.92- 
73.00 
80-44' 
87.76 
94-92; 
[O2.00 


4728 

5329 
5898 

6458 

7299 


9.41  tS.Si  18.6 


9.67  19,1  19.3 
9.88|  19.4  19.9 
9.97,19^20.4 
10.17,19.1,20.9 
8106:10.35  19.2J21.5 
8885  10.47  19.3 1 22.0 
7447  lo.iOi  18.3  21.2 
8536  10.30:18.3  21.8 
9579  10.45;  18.3  22.4 
10594110.56:18.3  21.8 
1 1 568'  10.65  18.3  23.3 


30"  I  i"  Web  Plate*. 


5670 
6367 
7027 

7&/3 


10.02 
10.30 
10.5 1| 
10.64 


56.44 
60.00 
6344 
6S.00 

73-44 
78.76 
83,92 

76.00  8857110.78 
83.44I10129  11.02 
90.76I11352  11.20 
97.92ji2S4iiM-12 
105.00!  1 3685  1 1. 43 


8670,10.86' 
9613111.051 

10522!  1I.20 


20.1!  19.9 

20.5,120.6 
20.8J2I.2 
20.521.7 
20.722.2 
20.9  22.8 
21.023.41 
19.9.22.5 
19.923.01 
19.9  23.6 
20.0  24. 1 

30.0' 24-7 


Series  2. 


I? 


In.* 


=31! 


II 


In*    I    In.    I  In. 


26"  xj"  Web  Plate*. 


50.44 

54.001 

S7-44| 
62.00; 

6744, 
72.76; 

77.92j 
70.00 
77-44^ 
84.761 
91.92! 
99.001 


3893 
4405: 
48891 
5356! 
6068 
6751 
7409 
6184 
71031 
798  J 
8837, 
9655 


8.79  17 
9.05  17 
9.23  18 

9.29  17 
9.49  17 
9.64  17 
9.7617 
9.40  16 
9.58  16 
9.71^16 
9.8 116 
9.881 16 


.617.6 

.8  18.1 
.1.18.7 

.7!«9 
.7.19.7 


20.2 
20.8 

20.0 

20.4 

20.g 
21.4 
21.9 


28"x  J"  Web  Plates. 


60.44 
64.00 
67.44 
72.00 

77-44 
82.76, 

87.92 
80.00 


87.441 

94-76, 

101.92J 

109.0O! 


30' 


5185 

5786 

6355 

6915 

7756 

8563 

9342 

7904 

8993 

10036 

1105 1 

12025 


9.2718.8:18.4 
9.5 1 1 19.0 18.9 

9.71!  19.3  19-5 

9.81!  18.9  19.9 
10.01  19.0  20.4 

10.21   19.1  21.0 

io.3i|i9.2  21.5 
9.941 18.3 '20.7 
I0.t4|i8.3  21.3 
10.30118.3  21.7 
10.42  18.3,22.2 
io.5o'i8.4  32.8 


Web  Plates. 


6233I  9 
6930  10. 
7590.  <o. 
825^!  10, 
9233|ia 
10176  10, 
11085:11. 
9420I 10. 


Iiigislii 
'  1 3 104  11 
14248' 1 1 


63.94; 

67.50 

70-94| 

7550 

80.94 

S6.26 

91.42 

83.50 

90.94,10693,10 

98.26 
105.42 
112.50 


8820. 

12'20. 
35,20. 
46,20. 

68  20. 
86|20. 
02,20. 
62]  20. 

85,20. 
02 1 20. 

15  20. 
25 1 30. 

130 


019.5 

420.0 
7,20.5 

421.2 
621.8 
722.3 


0  23.0 

1  22.5 
2,23.1 

2  23.6 

3  24-2 


Sericflj. 


£2o 


In.» 


In. 


La.     In. 


26"xi"  Web  Plates. 


56.94! 
60.50 
63-94! 
68.50 

73-94 
79.26 
84.42: 
76.50' 

83-94 
91.26 

98.42 
105.50I 


863  17.5  17.I 

8.88  17.7  17.6 
9.07I  18.0  18.2 
9.15  17.6J18.7 
9.34  17.619.2 

9.47i7'7|«9-7 
9.60,17.820.2 


9.26  16.8  194 
9.44, 16.8  19.9 
9.56  16.7  20.4 
9.67I  16.6  20.9 
_  9.7616.621.4 

28"ji"  Web  Plates. 


67.44' 
71.00 

74-44j 

79.00 

8444 

89.76. 
94-921 
87.001 

9444' 
101.76, 
lo8.92| 
1 16.0O1 


18.7,17-8 
19.0  1S.3 
19.2' 18.9 
9.66118.9  19.5 


9.15 

9.38 
9.57 


9.87 
to.03 


30"  1 1 


19.0  20.0 

19.1  20.5 
10.16' 19.2  21.0 

9.81  18.4  20.2 
io.oo'i8.4|20.7 
10.15I  18.4121.2 
10.27J18.4I2T.7 
10.371 18^2 J 

"Web  Plates 


7 1 -441 

75-00, 
7844! 

83.00 

88-44 ; 
93.76, 
98.92 
91.00 

98.44' 
105.76. 
1 12.92' 

I20.0q' 


9.76  20.0; 

10.00!  20. 3 
10. 20!  20.5! 

10.30j20.3 
10.51  20.5 
10.70,30.6 
10.85  20.8| 
10.46  19.8 
I070ji9.e 
10,85  19.8 
11.0019.9, 
M.ii'ig.gj 


19.0 
19.6 
20.2 
20.8 
21.4 

21.91 

22.5 

21-5 

22.01 

22.6 
23.1 
237 


Series  4- 


In.* 


-I 


In. 


In.  I  In. 


26"xi"WebPbtei. 


63-44 

67.00 

70.44 
7500 
80.44 
85.76 
90.93 
83.00 

9044 

97.76 
104.92 
112.00 

28"xxl"  WcbPUt««. 


8.541174!  16.6 
8.761 1 7.6!  17.1 
8-94^i7-9^«7.7 
9.02  I7.;'i8.l 
9.2o|i7.^  i^.fc 
9.34;  »7.6 '9-1 
9.46  i7-7ji9-6 
9.13I16.8  18.8 
9.32' 16.8  I9.J 
9.45  16.7  Kv.S 
9.56  i6.r.'jo) 
9.64 1 16.6  20.S 


74.44  9.05  18.617.4 
78.00  9.37  i«.tj  18,0 
81.44  9-45  19  >|»8.5 
86.00'  9.55' 18,8  19.0 
9»  44    9-74  18. <j  iq.5 

96.76     9.90  1<).0  20uO 
101.92  lO.OJ   I9.I  20-5 

94.00,  9.69I  18.4  19.7 

101.44   9-9018420.] 
108.76  10.03:18420.9 

15.92   lO.06j  184  21  i 

123.00  10.351184  lli 


30"xir' Web  Plato. 


78.94  > 

82.50' 

85-94, 
90.50 

95-94 
101.26 
106.42: 

98.50 
105.94 
113.26 
12042; 
127.50 


9.56 19.9 1  &i 

9.89|3a3'l9J 

iox)6  304  19.7 
10.1 8  10 
10.40  20 
10.5620.5 
10.71,20.721 


10.9012a  11 

10.98' 2a  1 73 


ii 


TABLE  7 i.— Continued. 
Properties  of  Four  Angles  and  Two  Plates,  Laced. 


Properties  of 

Four  Anji^lM  aod 
Two  Platea.  Laced. 
Ancln  Tum«l  Oiit 

atvl 
An^ea  TunKd  tn. 


b  -  Width.  Back  to  Back 

of  Angln,  for   ICqual 

Nfomcntd  of  Inertia 

about  Axes  A- A  and  B-B 

with  Anulr*  Tiirneil  Out. 

c  "  S.iinr  an  b,  for 

Anelc-a  Turned  In. 

-  Depth  of  Web  Platei  +  1' 


&ri» 
t.  i. .. 
and  4. 


OB 

3S< 


4x41  J 

6x6x| 


8x8xi 


4^ 


6x6x1 


8x8x1 


6x6xj 

RxRxl 


Seriea  i. 


In.» 


ti 


In.* 


^1 

S5 


"I 


In.      In.     Id. 


3a"xrWcbPUie8. 


59.44  672s!io.65;2i.4 
63.00  75J5:io.94i2i.8 
66-44I  82844 1. 16; 22. 1 
71.00   9058  11.30  21.8 


76.441018911.55 
81.76  11277  11.7^ 
86.92  12328  11.90 
79.00  10419*11.50 
86.44  1 1890  11.74 

93-76.i3305'if.92 
100.92  U683  12.06 
108.0016011  12.18 


22.0 
22.2 
224 
21.3 

"I 
21.0 

21.6 

21.6 


21.1 

21.8 

22.4 
23.01 

23.6 

24.2 

24.8 

23.9 

24-6 
15-3 
25.8 
26.2 


34"xl"  Web  PUies. 


6344!  7899'ii.25|22.6Ja2.2 
66«>  880911.55123.022.9 
69-44  9673,11.8023.423.7 
74.0010568,11.9523.224.3 


79.441186012.23 

84.76,13105  12.^5 

12.6 


23.414-9 
23.7,25.6 
23.9,26.2 


89.92  14307  12.63 

82X>0|I2138  I2.l6|22.8'25.2 

89.4413823 12.44  22.9I25.9 

96-76;iS447  12.65  23.1  26.7 

103.9217027  12.81.23.1  27.2 

IU.00!  <AS54JA-97i  ^li^llZiZ 

36"xl"WcbPlatci. 


65.44! 
69.00 

7244 
77.00 

82.44 
87.76 
92.92 


9»99 
10225 
11201 
12227 
13690 
1 5 102 
16466 


85.00114022 

92-44  15935 
99-76,17782 
106.92  19580 
114.0021318 


11.85 

12.18 
>2.45 
12.60 
12.85 

13  12 
13.32 

i2-8s!24 

13  >4;24 
13.36I24 

n'55'24 
13.69  24 


9'23.4 
3  24.1 
7,24.9 

625.5 
8126.2 
126.8 
3:27-5 
326.5 

5  27.3 
728.1 

7  a8.6 

8  29.1 


Scries  I. 


In.* 


^3 


^1 


Id.*       tn.   ,  In.  |  In. 


33"xJ"  Web  Plate*. 


67.44 
71.00 

74-44 
79.00 
84.44 
89.76 
94.92 
87.00 

94-44 

101.76 

lOH.QJ 

116.00 


74081  I0.47l21.3l 

8208  io.75|2i.7; 

8967  10.97!  22.o| 

974«l"-" 
10872  11.35 
11960  11.55 
13011 '11.72 
11102  11.30  21.3 


21.7 
21.9 

22.1 
22.3 


12573  "i-SS 

13988  11.71 
15366  11.89 
16694  12.00 


21.4 

3"-5 

21,5 

21.5 


20.7 
21.3 
21.9 

13.5 

23.1 
23.6 
24.2 

23.3 
24.0 

24.7 
25.2 

25.6 


34"xJ"  Web  Platea. 


70.94 

74-50| 
77.94| 
82.50 

87.94 
93.26 

9842, 

90.50 

97-94 
105.26 

11242 

iiq.50 


8718I 
9628! 
10492: 

11387! 
12679: 

<3924i 
15126 

12957 
4642 
16266 

17846' 
19373 


ti.o8  22.5 
11.37,22.9, 
11.6033,3 

n.7523.0 

I2.02'23.2 
12.23123.5 

>2.3723.7 

II.97I22.7 

12.24|22,9 
I2.A4I23.O 
12.60' 23.0 

'2-7S23' 


21.8 

22.5 
23.2 
23.8 
24.3 

25.0 

25.7 

24.6 

25.4I 

26.1 

26.6 

27.1 


36"xi"  Web  PUitt. 


74.44!  10171 
78.00'  1 1 197 
8i.44|i2i73 
86.00. 1 3 199 
91.4^4662 
96.7616074 
101.92  17438 

94-OOM994 
I0i.44'i6907 

108.76-18754 
1 15.92120552 
123.00  22290 


11.70 

11.97 
12.23 

12.40 
12.66 
12.90 
13.08 
12.64 
12.92 
13.14 
13.32 


23-9 
24.2 
24.5 
344 
24.8 
25  I 
255 
24.2 

24.6 
24.6 


13.45:24-7 

lai 


23.0 
23.7 
24-4 
35.0 
25.8 
26.5 
26.9 

25.9 
26.6 
27.4 

28.0 
28.5 


Series  j. 


In.« 


II 


In.  I  In.     En. 


3a"xr' Web  Plates. 


7544io.35'2i 
79.00  10.60:21 
8244  10.82  21 
87^3010.95121 
9244  I[.l8t2I 

97.7611.37,21 

102.92  11.5422 

95.oo'u.i42i 
J02.00  11.40I21 
109.76  ii.55'2i 

116.92  11.72  31 

124.00, 11.85121 


.2 '20.2 

.6J30.8 

.8J214 
.621.9 
.8  22.5 
.923.1 
.123.7 

.2122.8 

■323-3 
424.1 
.424.6 

■4i35.i 


34"xi"  Web  Plates. 


224214 

22.8  23.0 


7944  10.95 

83.00  11.21 
86441145 
91.00  11.58  22.923.3 

9644  11.84,23.1  3J.8 

101.7612.03,23.424.5 
106.92  I2.20I23.625.2 

99.oo|i  1,80  22.634.1 
1064^1 12.06122.8  24.8 
Il3.76|i2. 25  22.925.5 
120.92I13.44  23.0  26.0 
128.00  12. 55!23.i;26.s 


36"xi"  Web  Plate*. 


8344 
87.00 

90.44 
95.00 
100.44 
105.76 
1 10.92 
103.00 
11044 
117.76 
124.93 
132.00 


11.55 
ii.8j 
12.06 
12.22 
1248 
12.70 
12.90 

12.45 

12.74 
12-95 
1309 
1325 


23.9 
24.1 
244 

24-3 
24.7 

24.fi 
25.0 

24.0 
24.2 
244 

24.5 


33.71 

23-3 
23.8 

244 

25.3 
25.7 
26.3 

25.3 
26.1 
26.8 
37-3 


24,627.8 


Seriea  4. 


(So 


In.> 


In. 


In.     In. 


33"xi  ft"  Web  Plates. 


83-44 


25  21. rig. 8 
5021.4  20.4 
7021.720.9 
.6o'2i.5'2i.4 

04'2I.7|32.0 

105.76111.23  21.822.5 

3822.0'23.1 


87.00 
90-44 
95.00 

0044 


1 10.92  II 


103 .00;  I  r 
11044'! 


124.92JII 
I32X0I1I 


^l■^^  *l' 


0021.222.2 

25  21.3   32.9 

Ii7.76!ii42  2<-3|23.5 
.572i.3'24-0 
7021.3124.5 


34"xi|"  Web  Plates 


87.94 

91.50 

94-94 

99.50111 
104.94  11 
110.26 
1 1 542 
107.50 

114.94 

122.26 
129.42 
136.50 


.8522.3 
.io;22.7 


10 
II 

11,3033.0 


•45|23.7 
.70  22.9 
.8923.2 
.05334 
.65  33.5 
.9022.7 

.I0  32.8|24.9 

.28  32.9  35.4 

4023.025.9 


21.0 
21.6 
33.1 
23.8 

33.3 
23.9 

244 

23-5 

24.3 


36"xii"WebPlate«. 
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"  1 

1* 

14       1 

74-38 

6361 

9.17 

2431 

5-71 

U     1 

u 

[ 

86.52 

7459 

9.18 

a87S 

5.70 

"1 

"1 

4Hxi 

4X4X 

71.34 

73  <9 

10.13 

2708 

6.16 

'*  ! 

'* 

86..S7 

8885 

10.14 

3385 

6.16 

**i 

"J 

"  i 

101.36 

10434 

10.15 

3845 

6.16 

24x1 

*^! 

*^ 

4X4X 

75.00 

9«7S 

11.05 

3356 

6.69 

..  J 

4*      f 

90.88 

11139 

11.06 

4070 

6,69 

"I 

106.52 

13083 

11.08 

47<>7 

6.68 

*^*l 

26x1 

6i6xJ    ' 

6x6x^ 

126.02 

"7447 

11.77 

7031 

746 

146.09 

20234 

11.77 

8103 

7.44 

"  1 

"  I 

166.00 

23001 

11.77 

9166 

7-43 

iSx} 

?i 

6x6x1 

6x6x1 

130.52 

21081 

13.71 

8376 

8.01 

'  1 

'*    X 

**    I 

151  34 

14456 

12.71 

9673 

'7.99 

"  1 

"  I 

172.00 

27809 

13.71 

10943 

7.98 

30xi 

30x| 

6x6xi 

6x6x1 

146.27 

27369 

13.67 

10456 

845 

"  1 

"  I 

167.84 

31433 

13-68 

11988 

8.45 

"  il 

"i» 

"    I 

189.25 

35477 

13.69 

"3496 

845 

The  above  table  w  intended  to  serve  only  u  a  Ruidc  l 

n  the  choice  of  Kctions  and  not  as  a  com- 

plctc  table.     The  propertic*  of  other  sectioiu  may  be  fou 

nd  as  foUows: 

Example:  Required  the  propertict  of  a  lection  com 

posed  of  a  20"  X  1"  web  plate,  two  34" 
four  6"  X  4"  X  I"  outside  angles  fastened 

X  1"  flange  plates,  four  4"  X  4"  X  |"  iniide  angles  and, 

Solution: 

ri 

Momvat  oi 

r  Inertia. 

Radius  qS  Gyntioa. 

Af^ 

licm. 

Axis  A-A.      1 

AxiM  B-B, 

Alls  A-A. 

A>]|  B-B. 

1 

T»We 

No, 

A 

Table 
No. 

'a 

T.bit 
So. 

'■ 

fa 

-V^U+A 

-/li+A 

In. 

In.» 

ln« 

Io.« 

Id. 

In 

J 

i-Wb.  PI. 

20x| 

24x| 

I 

13  50 
36.00 

3 

5 

417 
3972 

4 
3 

0 

a-FI.  Pis. 

1 

1718 

.J7506_ 
\91.26 

'5205 
\  91.26 

■ 

4-In5.  A 

t^\ 

3a 

15.00 

3* 

1323 

35 

56 

■ 

4-Outs.  A 
Toul . . 

H 

2776 

34 

1895 

}^ 

?4" 

1 

A  —  I  91.26 

U  =  1  7506  1 

!■  - 

5305 

ra  -  9.07 

r.  -  7-55 

35      - 

^ 

b 

1 

• 

i 

I 
I 


it  X3     X2t 

2HX3AX2H 
2I  X3t  X2i 
2HX3     X2H 
a!  X3AX2i 


2i  X4     XiJ 

2H[X4AX2ll 

3     X4i  X3 
3     X4     X3 
3^X4^X3^ 
34  X4t.X3t 
3AX4     X3f» 
3i  X4AX3t 
3AX4I  X3A 


3AX5    X3A 

3t  X5AX3i 

3AX5I  X3A 

3l  X5     X3l 

3AX5TVX3?i 

31  X5I  X3I 

3t  X5     X3l 

3AXSAX3A 


Jl  X6     X3i 
3AX6AX3A 
31  X6|  X3t 

3i  X6    xyh 
6AX3 

X61  X3 
X6     X3 


6i 


Si 


f 


f 


"A 
12} 

I2f|    2 
I3J      i 


ll 

lA 


■  t 

2 

2A 

2i 


^ 


■i 

2 

2i 

A 

i 


si 


7l 

7A 

7i 


9A 

^[^ 
It 


wt 

loA 
10^ 


y- 

-„U^_ 

----*) 

1 
1 

*--«•<-''- 

1 

I 

i 

i^ 

'i 

2^ 

1 

.i- 

'^ 

_Cl. 

_1 

HI' ^ 


136 


84.7 
105. 1 

1251 
134.6 

IS3-I 


"34-7 
166.9 

"994 
220.6 

250.8 
280.4 
296.3 
323.8 
35'-5 


193-8 

23IU> 

267.6 
287.6 
3ZI.I 

354-3 
364.8 

395-5 


337-0 
39>-4 
444-6 
469.1 
518.0 
S66.5 
579-7 
633.5 
666.6 


3>-7 
41.8 
53-4 
55-2 
67.1 


65.7 
85.8 
107.8 
115.6 
136.6 
163.0 

167.3 
192.8 

220.; 


147.4 
183.4 

232.0 
1344 
273-7 
315.6 
320.0 
363^ 


287.8 
346.9 
409.2 
426.3 
489.2 

555-8 
562.4 

638.2 

699.1 


1.8 
1.9 

>-9 
1.8 
1.9 


3-4 
a-4 

2-S 
2.4 

2.5 
25 

2-5 

2.5 

2.6 


3  01 
31 
3.« 
3-< 
3" 
3.2 
3  " 
3.1 


31-5 
39.6 
47.6 

61.3 


37-S 
47-0 

tl 

73-9 
83.6 
90.1 

99.9 

109.7 


53-X 
64.0 

75-0 

8j.o 

937 

104.7 

1 1 1.0 

121-7 


72.6 
85.2 

97-7 
106. 1 

130.9 
»37-9 
149.6 
162^ 


9.36 
11.64 

14.01 
15.63 
18.00 


11^3 

13.83 
16.71 
18.90 
31.74 

a4-5« 
26.58 

S9-J7 

32-2511 


1^.6$ 

18  8t 

32.06 
24-43 

27-58 
30.78 
32.65 
35.81 


21.36 
35.06 
38.76 
3121 

34.84 

38.50 

40.(6 
44.W 
47.64 


1                                                         Properties  op  Chord  Sections.                                            ^^I 

1 

McClINTIC-MaRSHAL   CONSTRUCTtON   CO.   STANDARDS.                                         ^Sj 

Propcrtlea  of                                   -^ 

1 

■^                        Long  I^ess  TiimnJ  Out. 

Two  Aniilw  and 

r 

Top  or  nati^  i"  Below 

One  Web  Plate. 

m 

Backs  of  Anfites. 

s 

1 

1^ 

Ajdi  A-A.          lArii  B-B. 

s 

1 

•^ 

AxUA-A. 

Azi«  B-B. 

1 

1 

II 

d5 

II 

•6 

1 

£-3 

a  tj 

^1 

i 

II 

5  ^ 

■33 

1 

It 

3  t! 

■8 

1 

1 

^^ 

3^ 

j2o 

l| 

e 

0 

^-0 

.0  l: 
^0 

1 

0 

1 

i2 

05 

35 

i<'^ 
^-s. 

u 

k 

Ii5 

A 

Ia 

M 

Sa 

e 

U 

'a 

A 

U 

u 

Sa 
tn.* 

c 
In. 

3.04 

In.* 
3.1 

In. 
.80 

In. 

to. 

3.38 

la.* 

In. 
1.81 

In.» 

In. 

In.* 

[n. 

In. 

In. 

In.» 

In.* 

tn. 

6X1 

2   X2   XJ 

2JX2  xi 

6.3 

1.77 

"■7 

.70 

loXi 

2iX2jXi 

4.88 

47-2 

3.10 

«S-5 

3.62 

117 

1,80 

7-> 

1.66 

3-' 

-93 

2iX2jXA 

544 

50.1  3.03 

17.8j2.82 

3.9 

•85 

3   X2   xi  1  4-88 

49-3  3-19 

16.8  2.93 

?•! 

1.03 

7Xi 

2  Xa  X 

363 

17.1 

a.17 

9> 

r.87 

17 

.68 

3   XalXi 

5-13 

49.3 

3.09 

17-02.90 

5-2 

1.00 

3)X2   X 

3.87 

17.8 

2.14 

8.9 

1-99 

3-1I  -90 

3   X2iXA 
3jX2ixJ 

5-74 

52.2 

3.02 

19.6  2.67 

6-5 

1.06 

3  xa  X 

4M 

18.7 

2.11 

1 0.0 

1.87 

5.1  1. 12 

5-3» 

513 

3.09118.5 

2.77 

8.0 

1.23 

3  XaiX 

4-17 

18.73.07 

9.9 

1.90 

5.2,1.09 

35X2ixA 

6.06 

54.0 

2.9921.2 

2.55 

10. 1 

1.29 

4  X3  XA 

6.68 

51-7 

2.89 

22.8 

2.44  14.8 

1.49 

axi 

2  Xa  X 

^M 

24-4 

2.51     9.82.48 

"•7 

.66 

a  Xa  X 

4.12 

2^6 

2.49,10.9 

3.34 

3-1 

.87 

loxA 

aiX2jXA 
3  X2}Xl 

6.07 

S8.6 

3.10 

ig.i 

307 

4.1 

.82 

a  X2|X  ^ 

4.38 

2«;.6 

242  1 1.0 

2.13 

3-1 

.84 

?-75 

57-6 

3.16K8.2 

3.16 

5-3 

.96 

2  XaJXA 

4.94 

27.1 

2.34:12.5 

2.16 

3-9 

.89 

3  X2JXA 
3JX2ixi 

6.37 

6r.23.10 

21.0 

a.91 

6.7 

1.02 

3  Xa  Xi 

4-38 

a6.8  a.47:i2.i 

2.ai 

1-1 

1.09 

6.01 

60.03.16 

19.8 

3.03 

8.2 

1.17 

3  X2 

Xi 

♦.62 

26.82.41  12. 1 

2.22 

5-2 

1.06 

3*X2jxA 

6.69 

63.43.08 

22.72.80 

10.^ 

1.2^- 

3    X2 

it 

SH 

28.72.30,13.6 

a.04 

6.5  I. II 

4  X3  XA 
4  X3  Xl 

7.3 1  j  65.5 

2.99 

24.3 

2.69 

15.1 

1-44 

3iXa 

4.88 

37.9  2.39,  "3-3  3'>o 

8.0 

1.28 

8.09I  68.3 

2.91 

27.2 

2-5 1 

18.2 

1.50 

3tX2 

XA 

5.';6 

39.2  2.29  15.1  1.94 

10. 1 

>-3S 

5  X3   XA 
5  X3   xi 

7.93    69.2 

2.96 

27.8 

2-49 

287 

1.91 

8.81; 

72.1 

2.85 

31. 1 

2.32 

34-4 

>-97 

8XA 

2iX2 

XA 

xi 

544 

31,72.41  13*52-35 

4.1 

.87 

5  X3}XA 
S  X3*X| 

8.25 

69.3 

2.89 

27.6 

3.5  I 

28.8 

1.87 

3  X2 

5-» 

31.32.4712.9,2.42 

5.3  i.oa 
6.7;  1.08 

9-23 

72.4  2.81 

30.8 

2.3s 

34.6 

1.94 

3  X2 

XA 

xi 

?-74 

33.2|2.40l4.8j2.34 

3jXa 

?.18 

32.G2.46  14.22.30   8.2  1.24 
34.3,2.38116.12.1310.41 1.3 1 

loXl 

3   X2IXA 

3iX2ixA 

6.99 

69.5 

3.15 

22.2 

3.13 

6.9 

.99 

3JXa 

XA 

6.06 

7.3 » 

72.1 

3.14  23.9!3-oi]  10.6 

1.21 

4  X3   XA 
4  X3  xl 

7.93 

74'S 

3.07125.92.88:15.5 

1.40 

BXI 

34X24XA 

6.56I  39.i[2.44'l7.i[2.29l  10.6  1.2a 

8.71 

77.8 

2.9928.7,2.71  18.6 

146 

4  X3   XA 
4  X3  X| 

7.18     40.6  l.jfi  !8.I;2. 22  15.2  1.47 

S  X3  XA 
5  X3  XI 

8.5s 

78.9 

3.03  29.3'2.69  297 

185 

7.96 

42s  2-3 « 

20.3 

2.09 

lU.b 

i'S3 

9"i7 

82.4 

3.9432,82.51 

3S.> 

i-<)3 

9X1 

2iX2|X 

4-63 

35-4  2-76 

:3,2 

2.68 

3*1 

.83 

laXl 

3  XaJXl 

S.63 
6.24 

81.2 

3.8oja2.2  3.6s 

5' 

.96 

3  Xa  X 

4.61 

37.32.8413.S 

2.77 

S« 

1,05 

3  X2  XA 

H6.2 

3.73125.63.37 

6.5;  1. 02 

3  XaiX 

4.87 

37.0' 2.75  14.5 

255 

5.2  1.03 

3}Xa  xJ 
3lxa  XA 

5.88 

84-3 

378124.23.49 

8.0 1.17 

3JX2ix 

513 

38.4,2.73  15.8 

2.43 

8.0  I. as 

6.56 

89.13-67127.8  3-20 

10.1 1.24 

"         1          1          1 

4  X3  XA 

7.18 

92.03.58,30.23.05,14.8 1.44I 

1 

9XA3  X2iXA 

6.05 

45.82.75^17-5 

2.62    6.7;i.o5l 

5  X3  XA 
5   X3  xl 

7.80   96-83-52.34.32.8228-1  1.90I 

3JX2JXA 

6.17 

47-5  2-73  »90  2.50  10.3  1.28 

872  100.83.4138.63.61 

33.81.97 

3iX2lX| 

7.01 

49.5  3.65  21. 1  2.3412-4  (-33 

5   X3iXA 
5  X3JXI 

8.12I  96.83.4534.0,2.85 

28.3 1.87 

'4  X3   XA 

6.99 

49.t  2.65|20.2!2.4i  15.1  t.\H 

1 

9.10  100.6  3.3J138.IJ2.64  33.9  I-94J 

Propertirs  of 
Two  Ansln  aiid 
One  Web  Plate. 


Long  Leo  Turned  Out. 

Top  of  Pbte  I"  Below 

Backa  of  Ansks. 


\ 


la. 


»3XA 


I 
I 
I 
I 


isXl 


"XA 


Ln. 


X2)Xl 

3iXj|Xi 
3JX1IXA 

X3  XA 
♦  X3  Xl 
5  X3  XA 

X3  XI 
S  X3}XA 
S  X3lxt 


AxiaA-A. 


II 


In.* 


6.37 


iB.* 


94-8 


5-S 


ta 


In. 


n 


Sa 


In.« 


6.99  100.7 
6.63'  98.5, 
7.31  104.5; 

7-93  107.9' 
8.71  113.8, 
8.55113.81 

9-47  "90 
8.87  1 13.9! 
9.85  I19.OJ 


3.84 
379: 
3.86 
3-78t 
3.70! 
3.60; 
3-64 
355 
3-58 
3-47 


24.0 

275 
35.9 
29.6 
32.0 
35.8 

36.3 
40.9 
36,4 
40.9 


3  XiJXA 
3»X2lxA 

4  X3  XA 

4  X3  XI 

5  X3  XA 
5  X3  xl  i  10.32 
5  X3iXAi  9.62 

5  X3IXI    10.60 

6  X3iXJ    11.34 
6  X4  Xf    11-71 


7-74' 
8.06 
8.68 
9-46, 

9.30 


X3 
^^ 

X3JxA,i2.3i 
X3}xt  [13.09 
X3iXAi3i9 
X4  XA1361 


114.33 
118.53 
122.7  3 

128.4  3 
139.9  3 
135-83 

129.5  3 
135-83 
141.83 

MS-03 

149.13 
150.03 

»S»-S3 

»57i3 
158-43 
164.3  3 
1(34-4  3 


AxisB-B 


11 


II 


In.  I  In.*;  In. 


3-95 1 
3-67, 


3     9^ 

7I  .98 

3.81I  B.z]i.ii 

3:1-19 


3-53  <o, 
3-37  IS' 
3.15  18 
3.13  38, 
3.91  34, 
3.13,28 
i.9234 


i;i.38 

2J-44 
7;  1.82 
4  1.92 
8  l.So 
611. 88 


84'29.3 
8331.4 
7634.0 
,68:38.0 

7438.4 
.6443.3 
,8o'38.4 

■58,43.1; 
•54'47.9 
5248-7. 

,6845.1' 

.69I44-8 
.65145.3 
■57149-6 
.62(50.2 

.5255-0 
.48154.8 


3.91I  69! 
3.7710.6 

5.61, 15-5 
3.3818.6 


•95 

1-34 

1-40I 

j.38|29.2il.77 

1.8s 

1-75 
1.8 


3.1435.1; 

3.3729-4; 
3-15  35-3 
2,96  59.6 
2-981 59.6 


3.3122.3^ 

3-35135-8 
3.35i35-9 
3.1742.0 
3.16,60.6 
2.9970.6 
3 .00  70.6 


2.30 
2.26 

1.42 

1.81 
1.78 
1.85 
2.14 

2-31 
Z.28I 


la. 


I2Xi 


uxi 

i4Xi 

i6Xi 

i6Xi 


In. 


4  X 

5  X 

5  X 

6  X 
6  X 


^1 

X* 

xi 
xi 


X 

X 

4x 
ix 

X 


In> 


Xi 
Xi 

ix. 

IXj 

JXi 

Xi 

ixl 

4x1 
ixj 

4X1 
IxA 


138 


Axb  A-A. 


I 


In* 


2-SO, 
i-72, 
3.50 
4.00; 
2.84 
5-00 

s-so: 

0.31! 
0.97 

"-35 

2.09 

247 

3-50 
4.50 

5-00 
3.84 
6.00 
6.50 


II 


Sa 


In.     In.« 


i68.6  3.67!49.i 

l66.43.76l46.fi 
178.23.63155.9 
17a.2l3.56  55. 7 


AxisB-B. 


In.     In.*     In. 


174- 

186.3 

186.3 


3.69' 5  2.0 

3.5263.1] 
3.53.61.5 


6.5  1-77 


"96-5  4-39^47-8 
207.4  4  34|54-> 


207  -.  ^.^ 
207.5  4-28  54-4 
216.&I4.23 
216.7^4.16 


60.5, 
60.5 


34316-41-46 
3.5536.5  1.77 

3.1948.' 

3-20  49. 
3-3561. 
3.00  82.o':.34 
3.0383.53.31 

4.1 1  t8.^  1.3d 
3.83  t5-l!<7^ 
3-81  355  I  7« 
3-59  5V-6'2-a 
3-595962-1? 


358.34.37  62.2! 
373-3  4.34170.1 

373-5'4.27j70.8 
265.714-3865.3 

285.34.3378.3, 
285.0  4.16  78.1 


3.10299.614.98 
3.8431364.94 


4..16364  140 
3.8948.9  1.K4 
3.87492  1.61 

4.07  61.6  2.11 
3.6483.02 

3.65  83.5  3.:4 


5-00,334.7 


472 


66.4] 4.53  35-3  <-7« 
73.314.27:59-72" 
88.1  3.8080.02.30 


4.84'383.5'5.09  79-5'4-8i  61.61^ 
5.94  399.0  5.03  87.514-55  7«  9,2-«? 
7.00412.44.92,95.5  4.3283.02.1* 
7.50412.1  4-85  95-6  4-3>  82  5  M7 


^     ^^^^^^^^^^^^^H 

■ 

Pkoperties  of  Top  Chord  Sections. 

^ 

ProperticBoC                              .    e 
Two  Anglrn                                A-. 

m 

^k                         _.       . 

_ii.         .^.       Platc.and  Turned  Out.                   1 

One  Co'ver  Plate.                                   l|      j       U 
Ancles  Turned  Out. 

!b 

^                              Edgrs  of  AtiKlcM  Flimh 
with  Ed^ci  of  Plttc. 

1 

SeHet 
•nda. 

C 

i 
J! 

Scries  t. 

Series  J. 

■8 

1 

1 

1 

AxU  A-A.     "        1 

AjdaB-B.  1 

•B 

1 

i2 

Axil  A-A.            1 

AxUB-B.   1 

^11 

2 
S 

la 
^0 

ll 

55 

si 
ll 

il 

&3 

m 

Sa 

(a 
5 

£■5 
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5.61 

s-r/ 

*  Spacin 

S  of  nvct  lines  oi 

[■  web  grcatpr  than  30  X  thickn 

ess  of  plate.                                        J 
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TABLE  %i.— Continued, 
Properties  of  Top  Chord  Sections. 


Praiiertlei  of 

HUhway  BridKe 

Top  Cbord  SectiooA. 


Section 
Number. 


'240 

142 

143 
2-H 
245 

146 

147 

•i48 

•249 

250 

251 

25a 

253 

255 
*2S6 

258 
2S9 
260 
361 
262 
263 


•264 

•265 

266 

a67 
268 
169 
270 
271 


4L.'. 


-f 
1 


Four  Angles 

and 
Three  Plato. 


I^tCB. 


Web. 


Inched. 


I5Xi 


Cover, 


Inches. 


in\ 


ml 


17x1 


Aiuka. 


Top. 


Incbes. 


33t3xA 


3i33tA 


3x3xA 


Bottom. 


lOClHd. 


4»3»A 


4x3x1 


Gnxa  Area. 


IadK4>. 


4J<3xH 


26.S6 

2R.44 
30.31 
32.19 
34.06 

35-94 
37.81 
39.69 

27.28 
29.16 
3103 
32.91 
34-78 
36.66 

38-53 
40.41 

28.00 
29.88 

33-63 
35.50 
37-38 
39.25 
41.13 


Eocea- 

tridcy. 


lochu* 


0.91 
0-85 
0,80 

0-75 
0,71 
0.68 
0.64 
0.61 

0.72 
0.67 
0.63 
0.60 
0.57 
0.54 
0.51 
0.49 

0.54 
0.51 
0.48 

0.45 
0.43 
041 
0.39 
0.37 


Moments  of 
iDcrtlat 


Axis 
A- A. 


lDcbes«. 


]0i6 

1052 
10S9 

1125 

J 161 

1 197 
1233 

1269 

1055 

1091 

1127 

1163 
1199 

"34 

1270 

1305 

1089 

1134 
1160 

1195 
123 1 

1267 
1303 
1337 


Axb 

B-B. 


Inches*, 


920 
970 
1019 
1066 
1112 

1IS7 

1 201 
1244 

959 
1009 
1058 
1105 
iiSi 
1 196 
1240 
1283 

995 
I045 
1094 
1141 
1187 

1276 
1319 


Radii  cA  Gyra- 


Axii 
A-A. 


Inches. 


6.18 
6.ofi 

5-99 
5.91 
5.84 
5-77 
5-71 
565 

6.22 
6.12 
6.03 

5-94 
5.87 
5.80 

5-74 
5.68 

6.24 
6.14 

5?^ 

5.89 
5.82 
5-76 
570 


Axil 
B-B. 


IB 


Incbcfl. 


5.88 
5.84 
5.80 
576 

5-72 
5.68 

564 
S.60 

5.92 

5.88 
5.84 
5.80 
5-75 
5-71 
5.67 
5-63 

5.96 
5-91 

5.87 
5.82 
578 
5-74 
5.70 
5.66 


t^  X  18"  Stetkm. 


'^^ 

i8xA 

3x3xA 

4x3xA 

35.00 

I.2S 

871 

93 « 

5-90 

26.88 

2.09 

915 

991 

5-83 

;'  ^ 

28.75 

1-95 

9^8 

1050 

5-77 

L 

30.63 

1.83 

1000 

1108 

57< 

^ 

31.50 

1.73 

1042 

1164 

5.66 

34.38 
36-iS 

1.64 

1082 

1219 

5.61 

;;  * 

1.55 

1122 

1272 

S.56 

"  1 

38.13 

M7 

1161 

J3M 

5-51 

6.10 
6.07 
6.04 
6.01 
S.98 
S-95 

\% 


•  Spacing  of  rivet  lines  of  web  greater  than  jo  X  thickness  of  plate. 


1» 


TABLE  SS.—Conimued. 
Properties  of  Top  Chord  Sections. 


• 

f     ^ 

1 

1 

K 

Propefti«of 

4L— ! 

^"1 

-1- 

tf 

Four  Ajirfe* 
And 

Top  Chord  Sectiom. 

Tbrec  Plate*. 

iJ 

i 

Plata. 

Aii£tes, 

Grow  Aiea. 

Eccm- 

Momeafa  of 
Inertia. 

tiidty. 

Ajd« 

Ajds 

Alia 

Axi« 

Seetim 
Number. 

Web, 

Cover. 

Top. 

Boctom, 

A-A, 

B-B. 

A-A- 

B-B, 

A 

e 

u 

I* 

f* 

tb 

Incbei. 

Inches, 

iDcbes. 

Incha. 

hxhe^. 

ludm. 

liicbe«4. 

iDcbefi. 

tnchei. 

Iflciia. 

*t7t 

'^^t 

iSxA 

3*5iA 

4*3*1 

25.78 

1.97 

933 

976 

6.01 

6.15 

*m 

If 

4>i 

14 

27.66 

1.84 

974 

1036 

S-93 

6.12 

174 

"^ 

tc 

H 

(4 

29-53 

1,7a 

1015 

1095 

S.86 

6j09 

37S 

l( 

4i 

(» 

31-41 

1. 6a 

loss 

1153 

5-79 

6xs6 

£76 

(1 

k 

i.t 

41 

U 

351S 

tS3 

1096 

I2d9 

573 

6.02 

177 

(1 

ti 

41 

(4 

35.16 

i"t5 

iiJS 

1264 

5.6S 

S'99 

178 

H 

i 

II 

tt 

it 

37.03 

1.37 

1174 

1317 

5.6} 

596 

179 

t\ 

K 

41 

i4 

38.91 

1.31 

1212 

(369 

5.58 

im 

•2S0 

(1  1 

iSiiV 

jJEjJtA 

413*  A 

36,56 

1.72 

988 

1020 

6.10 

6,20 

*i8i 

t* 

ChL 

It 

28.44 

].6[ 

1028 

1080 

6.01 

6.t6 

z%% 

It    JL 

LI 

14 

it 

3Q.J1 

1.51 

io6g 

1139 

5-91 

6.t5 

38J 

*'    1 

41 

(4 

It 

3219 

1.41 

1107 

1197 

5-86 

6.09 

284 

([     •_ 

41 

44 

l( 

34-o6 

I-3S 

1146 

"S3 

S79 

6.06 

1S5 

i(    1 

:[ 

it 

" 

3S-94 

1.28 

U84 

1308 

S-74 

6.03 

186 

"   H- 

i\ 

14 

14 

37.81 

1.21 

1222 

1361 

5-f^ 

6,00 

287 

"    } 

a 

44 

14 

3969 

1. 15 

1260 

1413 

563 

5-97 

♦288 

iS*A 

iSkA 

J^Jsft 

4I31S 

27.32 

1.50 

1038 

1063 

6.16 

6.24 

*a89 

"  1 

11 

44 

44 

29.20 

1.40 

1077 

11*3 

6.07 

6.30 

ago 

"f 

(4 

41 

II 

31.07 

1-32 

1115 

1182 

599 

6.17 

291 

til 

■  * 

41 

Ji.95 

1.24 

«TS3 

1240 

S.92 

614 

291 

::f 

t-l 

i4L 

■  1 

3+.«2 

i.iS 

1192 

1296 

5.8s 

6.10 

293 

H 

44 

11 

36.70 

1.12 

1229 

I3SI 

5-79 

6.07 

194 

-r 

It 

IF 

II 

3857 

1.06 

t266 

1404 

5-73 

&04 

29s 

14 

44 

41 

4045 

1,01 

1303 

1456 

S.68 

6,QP 

•.96 

iS't.w 

iSxA 

j'tSfA 

4*3fA 

ig.o6 

1.28 

10S5 

1107 

6.21 

6.28 

297 

"  I 

IL 

11 

41 

39*9+ 

I.20 

1123 

1167 

6.12 

6,14 

298 

;:jv 

" 

44 

41 

31J1 

1.13 

1160 

1226 

6.04 

6.J5 

299 

(1 

44 

41 

33.69 

1.07 

1197 

1284 

596 

6.17 

300 

"f' 

CI 

41 

41 

35*56 

1. 01 

I33S 

1340 

S-89 

6.14 

301 

L 

(■ 

44 

41 

3744 

0-96 

ii7i 

1395 

S-»3 

6.10 

3oa 

1* 

(4 

41 

41 

39-31 

0.92 

1309 

1448 

5^77 

*S,o6 

303 

"  1 

<l 

41 

41 

41.19 

0.88 

1345 

1500 

5'7i 

£.03 

•Sp 

acing  of  rivet  lines  0 

'  web  greater  than  30  X  tliickr 

less  of 

plato- 
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TABLE  S3,— Continued. 
PfiOPEiiTiEs  OF  Top  Chord  Sections. 


V 

f 

1 

1         ■ 

T 

PropeniM  of 

4L.._ 

'""iiL^ 

.    — ...i^                            Four  Andes 

1^'                                    and 

i                             Ttuce  Plates. 

Hifhwuy  Bridse 
Top  Cbord  SeolooB. 

4-- 

j.^ 

u.i 

i 

PtBtea. 

Aiulea. 

Gran  Atca. 

Eccof 

MomenU  oC 
Inertia. 

Radii  of  Cyra- 

Iridty. 

Axif 

A»B 

Axil 

Axis 

Section 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

U 

1b 

tA 

rn 

tocbo. 

lDChc«, 

Incbn. 

iDchca. 

Incbn*. 

Incbe*. 

iDCbCB*. 

iDchev*, 

Inchrt. 

Inch«. 

'm 

is^A 

I8IA 

3X33CA 

+X3xl 

28.78 

1,09 

1127 

1149 

6.26 

6.31 

•305 

"  1 

i 

'I 

30.66 

1-03 

1164 

i2og 

6.16 

6.27 

306 

"A 

1 

11 

32-53 

0.97 

1 201 

1268 

6.07 

6.24 

307 

"  J 

" 

344» 

0.92 

1237 

1326 

5-99 

6.20 

308 

"A 

t 

•( 

36.18 

0.S7 

127s 

1382 

5.92 

6.17 

309 

L 

** 

38.16 

0.83 

I3II 

1437 

5.86 

6.14 

310 

fi 

•* 

40.03 

0.79 

1347 

1490 

5.to 

6.10 

3" 

"  1 

4t 

41.91 

0.75 

1383 

1542 

574 

6.06 

•U2 

iS^A 

I8IA 

3«JiA 

w^H 

39-50 

O.qs 

1165 

1191 

6.28 

6.36 

•3«3 

" 

«< 

M 

31-38 

o.e6 

1202 

1251 

6.19 

6.32 

314 

■■f 

1 

4>l 

H 

3325 

0.8 1 

12^8 

nio 

6.10 

6.28 

3  J"; 

u 

35-13 

0.78 

im 

1368 

6.02 

6.24 

31ft 

:/^ 

tt 

3  7  CO 

073 

<3" 

1424 

5-95 

6.20 

317 

• 

44 

** 

38.88 

0.69 

1347 

1479 

5.88 

6.16 

318 

:!* 

i 

1* 

ii 

40-75 

0.66 

1381 

I53i 

S.82 

6.13 

3"9 

u 

H 

■^ 

42.63 

0.63 

1419 

1584 

576 

6.09 

•Sp 

acing:  of  rivet  lines  0 

f  web  greater  than  30  X  thickncM  of  plate. 
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TABLE  Sft. 
Pbopbbties  or  Tor  Cbobd  Sbciiqhs. 


I 

B 

1 

-^^ 

Tp 

FiTiTintAt* 

4i 

4  — 

4- 

.L.^ 

'^i^^" 

Top  Cboffd  SCEtkM. 

'Q 

Ikncftateb 

iJ   ! 

jl 

)io«^«C 

mMmtdGrm' 

flRSn. 

AfldsL 

f^^«  a—j 

Bdcs. 

! 

(^(■B  illtB> 

tridtr. 

Axii 

Aite 

AA     '  Aiit 

StdScH 

( 

A-A- 

»-R. 

A-A.   1    Br-B. 

Nnmtier. 

Wdk            Coftr. 

Tap.          BoB«. 

* 

e 

1^     1     I. 

'*     i      rt 

iKbs.           tnctkA 

iDdH.      ;      l&dlB. 

i«i«^. 

i»aic*. 

iDdW^-jllKhtf*. 

lH*H.|lKiB. 

ir  X  It-  SoUin. 

Aaefk>. 

1 

'lOOl 

■!> 

ifeA 

28.31 

t.96 

9B8 

1067 

sr 

6.14 

10<» 

ti 

3a  19 

i.*4 

IOZ9 

1136 

5^ 

6.11 

1003 

il 

4i 

u 

31^ 

173 

1070 

M«4 

5.78 

lioB 

1<304 

"f* 

K 

•■ 

Ml 

33.9t 

1-6J 

III! 

1140 

s-n 

&05 

1C05 

tt 

H 

lU 

it 

35.81 

ISS 

IISI 

1^95 

5.67 

&01 

1006 

;;  i 

U 

u 

*« 

37.69 

M? 

1191 

1348 

S.62 

S.98 

1007 

u 

H 

M 

39.S6 

i-to 

1119 

1400 

5.38 

S^5 

•1008 

ss^r 

I8IA 

3V»I 

4*3«A 

19^ 

1-73 

IQ43 

tttt 

5-99 

6.18 

1009 

::f 

it 

u 

30.97 

t.6i 

1064 

1170 

^'^ 

6.15 

10 10 

a 

H 

si 

31.8+ 

1-53 

1133 

iiiS 

ffis 

&11 

101 1 

■■t 

u 

U 

it 

34-71 
36.59 

M5 

1163 

[284 

579 

6^ 

IOI£ 

u 

M 

H 

t-57 

IlOtl 

I3S9 

S73 

6.05 

lot] 

::j. 

K 

41 

CI 

38^7 

1.30 

1141 

139» 

s^ 

6^1 

loH 

U 

4t 

4( 

4034 

[.34 

1179 

"444 

S-63 

S.98 

*iois 

154 

itoA 

3«jxt 

+^3*1 

19-85 

1.51 

1093 

1156 

6.0s 

fill 

iot6 

"  A 

14 

*i 

>i| 

3«-73 

145 

iiji 

Ills 

5.97 

6^19 

1017 

"1 

■» 

41 

M 

33.60 

1-35 

1171 

Ii7j 

S-90 

6.1J 

ioi» 

"  A 

" 

£1 

4i 

35.+S 

l.i» 

I3I0 

13^ 

584 

6.U 

iot9 

»i 

It 

1( 

44 

37JS 

1.11 

1148 

1384 

578 

6,09 

1010 

"     * 

U 

11 

ii 

39^3 

1.15 

t£S6 

1437 

S'73 

^05 

IQ2I 

i( 

Hi 

4« 

a 

41,10 

i.to 

1313 

14S9 

£.57 

6.03 

*10Ji 

151I 

IflxA 

jxjiK 

4*3*A 

30S9 

i.3» 

1140 

.199 

6.10 

6.26 

1023 

li       1 

•4 

41 

*i 

3J+7 

I.2S 

117S 

1158 

6,01 

6.11 

1014 

<f 

<f 

<4 

34-34 

MB 

U16 

1316 

S'9S 

6.19 

1025 

**    JL 
"    1 

•  I 

" 

li 

36.21 

I-U 

1255 

U7> 

5,89 

6,16 

1026 

)C 

4t 

41 

38-09 

t.o6 

1391 

14^7 

S.83 

611 

10^7 

H       11 

II 

fl 

41 

3^-97 

E.01 

1319 

1480 

377 

6^ 

iojS 

&c 

<( 

t£ 

4184 

0.97 

1366 

^S3a 

S,7i 

dos 

■>oi9 

15x1 

ISjeiV 

3«3i| 

+i3«i 

3t3t 

1.15 

ItSj 

1141 

fn 

i'? 

lOJQ 

"i^ 

It 

.4 

44 

33  19 

I.C58 

1120, 

1300 

6^ 

6.  £6 

10|I 

II 

4* 

I* 

3S-00 

i.o;» 

1157 

I3S8 

S'99 

6.ZI 

lOJl 

"A 

i< 

14 

C4 

36-94 

0.97 

1395 

HH 

S-9J 

6.19 

IOJ3 

"f 

« 

44 

(4 

38-Si 

0-93 

IJ31 

14^ 

S.86 

6.15 

IOJ4 

**H 

t# 

14 

« 

40.69 

oM 

1368 

I5« 

5.80 

6.11 

1035 

"  f 

*' 

" 

C< 

42.56 

0-B4 

^405 

157* 

5.75 

&.0A 

'Sp 

aring  of  nvet  lines  0 

'  web  Rivatcr  than  31 

J  X  tHickn 

eas  of 

?late.                                      1 
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TABLE  M.—CofUinued.                                                      ^H 

Properties  of  Top  Chord  Sections.                                                    1 
;; 1       1 

T"^ 

T                   H 

^               -  ■ 

riupcfXMB 

of 

Top  Cturd  St<:thTfw. 

4L.._ 
4-- 

■~-^^- 

Lf                          Four  Amies 

_   .._1...'41                                         and 

r                             Three  Plates. 

M 

- 

1=! 

1 

1 

t 

A 

Moments  of 

Radii  Df  Gvn- 

PlaLe*. 

AaKk«. 

GntMi  Area. 

Eccen- 

Inertia. 

tioo. 

tricity. 

Axb 

A^ 

A)di 

Axis 

Section 

A-A. 

B-B. 

A- A. 

b'B. 

Number. 

Web. 

Cover. 

Td(^ 

Bottom, 

A 

c 

Ia 

1b 

U 

'B 

liicbr*. 

Inchea. 

Inches 

InclH:^. 

Inclir*-. 

Inclic*. 

lncbe««.|  Inches*. 

Inches. 

Idchot. 

•1056 

'H 

l8xA 

3x3*1 

4x3xH 

32.03 

0.98 

1223 

1284 

6.1S 

6.33 

1057 

"f 

ti 

tt 

33-91 

092 

1260 

>343 

6,10 

6.29 

1038 

«i 

*i 

«( 

3578 

0.87 

1297 

1401 

6.02 

6.25 

1039 

A 

»« 

«« 

*( 

37.66 

0.83 

1334 

1457 

5.95 

6.22 

1040 

tt 

M 

(t 

«( 

39-5} 

0.79 

1370 

1513 

5-89 

6.19 

IO4I 

"  i 

1» 

ti 

t^t 

41.41 

0.76 

1406 

1565 

5.83 

6..S 

1042 

t* 

*( 

1* 

41 

43.28 

0.72 

I44i 

1617 

S77 

6.1 1 

•1043 

■5x1 

l8xA 

3*3x1 

4X3X1 

3273 

0.82 

1259 

1327 

6.20 

6.37 

1044 

■P 

44 

t4i 

34-61 

36.48 

0.78 

1295 

1386 

6.1 3 

5.3J 

1045 

44 

«( 

0.74 

J331 

1444 

6.04 

6.29 

1046 

■t 

«( 

M 

3B.36 

0.70 

1368 

1500 

5-97 

6.25 

"O47 

«« 

It 

40.23 

0.67 

1404 

«555 

5.90 

6.23 

1048 

:.f 

•* 

l.« 

43.1 1 

0.64 

1440 

1608 

5.85 

6.18 

1049 

" 

l< 

4398 

0.61 

1475 

1660 

^■79 

614 

ir  X  18"  Section.     B  SefiM. 

1050 

15x1 

l8z| 

3ix3iitl 

5X3ixl 

29.06 

1.50 

1035 

1042 

5.96 

S-98 

105 1 

;^ 

u 

30.94 

141 

1074 

1090 

S.89 

5  93 

1051 

"  * 

*( 

n 

32. St 

x-33 

1113 

»I37 

5.83 

5.88 

IOS3 

;;  A 

u 

u 

3469 

1.26 

I151 

1183 

S.76 

5.84 

lOH 

•« 

It 

36.56 

1.20 

1190 

1228 

570 

5-79 

1055 

;;  k 

u 

«« 

3844 

;:^ 

1227 

1272 

5.6s 

57S 

1056 

•• 

41 

40.31 

1265 

131S 

S.60 

571 

"0S7 

'H 

■8.1 

3i<)i»i 

5x3lxA 

30.02 

\M 

I09S 

1095 

6.04 

6x14 

1058 

■f 

)« 

*i 

«i 

31.90 

"33 

1143 

5^ 

5-99 

1059 

u 

(( 

«< 

33-77 

i.ii 

1170 

1190 

5.89 

5-94 

1060 

'■t 

«l 
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SM« 

1.96 

3<yiA 

|08S 

7.71 

7^74 

1614 

"   4 

»» 

14 

«* 

539* 

1.87 

JISS 

3202 

IM 

7^70 

1615 

ti 

ti 

la 

H. 

S6^8 

1.78 

3iSO 

3317 

7.58 

7-66 

*i6i6 

«»A 

ijil 

+*4iA 

6i4xi 

45" 

Z.OI 

3919 

»8j2 

8,0* 

791 

1617 

It 

47.62 

1 91 

30U 

2956 

795 

7,88 

1618 

"A 

If 

14 

■i 

50.12 

J,Bt 

3104 

3<>77 

7*87 

7*84 

1619 

(( 

l( 

M 

M 

53.63 

1*73 

3  "95 

3196 

7-79 

779 

1610 

"  1 

tt 

N 

If 

S5  la 

i6s 

32»S 

33>3 

775t 

775 

t6u 

i* 

It 

»4 

u 

57,62 

l-SS 

3J76 

W& 

7.6s 

771 

*i6ii 

'"'i^ 

ajii 

iM^A 

6^ft 

46.24 

1^75 

3050 

2941 

8.11 

7-97 

1623 

«< 

i* 

II 

4S74 

1.6S 

3«40 

y^l 

8.03 

7-9T 

1624 

"  f^ 

■1 

14 

If 

51.24 

I,S8 

3 1  JO 

3tS6 

7-94 

7,88 

1625 

f» 

»i 

li 

It 

S3 '74 

I'Sl 

33  >9 

330s 

7.S6 

7-84 

1626 

"  i 

it 

(1 

it 

56.14 

144 

3408 

34^* 

7.78 

7.80 

1627 

11 

i.1 

ii 

U 

SS.74 

1.38 

3497 

3S3J 

7.72 

7-76 

•jG2S 

11  1 

ijil 

4M3EA 

6x+i!. 

4M4 

i*Si 

3170 

J<h9 

B.18 

8.03 

1629 

it 

11 

tf 

49.84 

M3 

m^ 

3172 

8.0S 

7.98 

1 6  JO 

**    JL 

*l 

41 

41 

51.34 

f-36 

3J47 

3393 

Soo 

7.93 

163 1 

ti    1 

ill 

II 

«l 

'   5484 

1*30 

3434 

J4ti 

7.9J 

7.89 

1631 

"    4-4 

u 

«i 

<C 

57-34 

I -24 

3521 

3539 

7.S4 

7.S4 

1633 

"  4 

ti 

41 

Hi 

S9-«4 

1.19 

3609 

3644 

777 

7.80 

•l6j4 

20,A 

ijxi 

4X43tA 

fi^H 

4Mj 

I.2& 

317? 

3J57 

nil 

s.oa 

163s 

it 

41 

ti 

50.92 

1.22 

3366 

J28I 

Su 

B.03 

1636 

"  i^ 

u 

«l 

tl 

53-4J 

1.16 

3453 

3402 

?:^ 

7.98 

1637 

f< 

it 

ft 

It 

55-91 

i.ft 

3S39 

JSii 

7-94 

163B 

"  i 

it 

41 

tl 

iu% 

1.06 

3615 

3638 

7.88 

7.89 

1639 

■  1 

it 

1( 

CI 

60.93 

1.Q2 

37U 

3753 

7,81 

7.8s 

•Sp 

acing  o(  nvct  Unrs  t^ 

f  web  greater  than  30  X  thicki 

less  of  pUt«. 
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TABLE  S4,— Continued, 

^^^H 

Properties  of  Top  Chord  Sections.                                            ^ 

m 

^ 

i 

r^   !  r' . 

Propcrtiw 

Top  Chord  Sect  loos. 

4: 

1 

Four  Anglcfl 
Thnw  Plates. 

1 

j.  J  i  LL 

1 

Platea. 

AnsI^' 

Moments  of 

Radii  of  Gyra- 

Cro« Area. 

Ecccn- 
iridty. 

Inertia. 

tion. 

f 

Section 
Nuoibcf. 

Axil 

Axia 

Ajti« 

Axis 

Web. 

Cover. 

Top. 

noctom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

u 

U 

^A 

TB 

tacbtt. 

Inches. 

lache*. 

Incbu. 

lachH*. 

lacba. 

Incbei*. 

lncbei«. 

Indm. 

Inches. 

•1640 

MX  A 

ijxi 

4H=tA 

6x4xJ 

49-50 

1.06 

3384 

3165 

8-27 

8.12 

1641 

"    * 

la 

ki 

" 

52.00 

I.OI 

3470 

3389 

8.17 

8.07 

1642 

**  A 

l( 

(4 

44 

5450 

0.96 

3556 

3510 

8.08 

8.02 

1643 

*( 

(i 

■  4 

57.00 

0.92 

3641 

3629 

7-99 

7.98 

1644 

(t  11 

It 

t« 

44 

59.50 

0.88 

3726 

37»6 

7.91 

7-93 

1645 

•  ( 

(1 

•  4 

61.00 

0.8s 

5812 

3861 

7.84 

7.89 

10^' X  m"  Section.    A  Series. 

•1646 

20xJ 

=i^ft 

3}«3M 

5«3}»l 

+4-56 

2-87 

2651 

3104 

7.71 

8-3S 

1647 

"f 

ti 

i( 

U 

47.06 

2.71 

1754 

3262 

7.65 

8-33 

1648 

11 

It 

(1 

49.56 

2-57 

2855 

3418 

7.59 

8.31 

1649 

::i* 

*4 

t< 

(t 

5206 

1.4s 

2954 

3572 

7.54 

8.29 

1650 

(4 

It 

41 

54-56 

a. 34 

3051 

3724 

748 

8.37 

*l65i 

201 1 

H^A 

3l>c3)il 

s^jJ^A 

45-52 

2.61 

2784 

3207 

7.82 

8.39 

1652 

"^ 

*' 

•t 

48.02 

1-48 

2883 

3365 

7.75 

8.37 

»653 

S( 

li 

(t 

50.52 

2.36 

2980 

3521 

7.68 

8.34 

1654 

"  tt 

II 

1( 

41 

53-02 

2.2s 

J077 

3675 

7.62 

8.32 

1655 

'•  1 

41 

■  1 

4( 

55-52 

2.14 

3<73 

3827 

7.56 

8.30 

•1656 

iOxi 

14^^  A 

Ji«5»«« 

S^3i«4 

46.46 

2.J8 

1907 

3310 

7-9< 

8-44 

1657 

;;  \ 

48.96 

2.26 

3003 

3468 

7.83 

8.41 

1658 

4< 

t« 

ti 

51.46 

2.15 

3098 

5624 

7.76 

8.39 

1659 

"  H 

« 

«« 

u 

53.96 

2.05 

3>93 

3778 

7.69 

8.37 

1660 

«» 

t* 

it 

44 

5646 

1.96 

3286 

3930 

7.63 

8.34 

•1661 

70X\ 

24tA 

Jlx.3lxl 

5»3ijA 

47-40 

2.16 

3024 

34"3 

7.98 

849 

1661 

"A 

14 

49.90 

3.0s 

3118 

3S7< 

7.90 

8.46 

,i66j 

? 

tl 

41 

44 

52.40 

"95 

3211 

3727 

7.83 

8.44 

1664 

"H 

IC 

44 

11 

54.90 

1.S6 

3305 

3861 

7.76 

841 

1665 

"1 

It 

44 

41 

57.40 

1.78 

3396 

4033 

7*69 

8.38 

•1666 

20X( 

24^A 

3}x;Jx| 

5X3|x| 

48.30 

1.95 

3132 

3513 

8.05 

8.53 

1667 

■■f 

4t 

50.80 

1.86 

3224 

3671 

7-97 

8.50 

1668 

ff 

41 

*4 

53.30 

1-77 

33«5 

3817 

7.89 

8-47 

irtrtQ 

::f 

It 

« 

M 

SSito 

1.69 

3407 

3981 

7.81 

845 

1670 

u 

41 

M 

58.30 

1. 6a 

3497 

4133 

774 

842 

•Sp 

-iriti^;  '»f  rivLt  lirii's  0 

f  web  greater  than  30  X  thick 
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f 

1 

Top  Ch«d  Soetleaa. 

• 

1 

1 

if Li 

"-'JT' 

] 

1 

1       J  . 

Ffaia. 

A«lh>. 

i"^^  a-w^ 

ftl  n  ■  ^ 

tMftk. 

tkm. 

IjODH  ju^l 

ukici'. 

Aiit 

AA 

AA 

A»» 

SkUm 

A-A. 

B-ft. 

A'A. 

B-B. 

NmobB-. 

Wdft. 

Omr. 

Top. 

Batiam. 

A 

e 

U    1    I. 

'* 

tb 

loclia. 

tadio- 

tpcba^ 

IncliH. 

IkIi^ 

iiidu.:i»iH*.t»di.v 

bKlKL 

[kAc*. 

*l67l 

20x} 

2+xA 

llxjbl     5^3bil 

49.JO 

1.76 

JiJ4 

361J 

8.1 1 

8*57 

1671 

:f 

A* 

•c 

M 

5170 

1.67 

J31S 

3771 

S.Q1 

8S4 

16^3 

u 

M 

U 

S4.iO 

1,60 

J414 

3917 

794 

8-Si 

1674 

:!• 

u 

iH 

K 

56.70 

153 

3S<H 

40*1 

7-86 

848 

167s 

u 

" 

« 

59-w 

146 

JOT 

4333 

7-79 

8-15 

•1676 

»») 

l*tft 

Jlijixl 

Si3lil 

50.08 

i-sr 

31»9 

jrt4 

VA 

8^1 

1677 

"A 

At 

«• 

4(. 

52,5s 

1.50 

54"« 

3«7» 

8,s8 

1^8 

T 

«l 

41 

u 

55-08 

1-43 

3506 

4f»S 

798 

855 

1679 

"H 

u 

M 

44 

57-58 

t'37 

lis 

4182 

7.90 

8.53 

1680 

«r 

*■ 

44 

44 

60^ 

1.3 1 

43S4 

7.83 

849 

«r  X  J4''Seccloa 

-    -^                                                                   1 

•iMi 

^^ 

H^A 

+MiA 

6^^A 

4598 

*.65 

3910 

J276 

HI 

8.26 

1^1 

it 

if 

n 

4848 

2.51 

JW9 

7.8S 

8,22 

1685 

"^ 

fl 

ii 

44 

5098 

^39 

3to8 

3*"S 

7.8t 

8.t8 

16S4 

it 

4( 

M 

534S 

a.iB 

JiOS 

355* 

7*74 

8.1s 

168; 

"  H 

it 

it 

tl 

55.98 

3.17 

J3CO 

36^7 

7.68 

8.11 

l6sl 

-i 

ft 

■i 

ti 

58h» 

3.08 

3396 

381c 

7-62 

8iri 

*i687 

^p 

i4iA 

+M^A 

6^* 

47.U 

2.37 

J056 

3157 

SJ5S 

Mt 

1 688 

ii 

4i 

11 

49.61 

^.^l 

3151 

3399 

7*97 

8.2S 

1689 

"A 

i* 

tt 

tc 

53.13 

3,14 

3348 

3538 

790 

8.24 

1690 

u 

ct 

fi 

44 

54-6^ 

2.D5 

334J 

367s 

7-81 

8.20 

1691 

••1* 

if 

44 

«t 

57" 

1-96 

34J5 

3S10 

7*76 

8.17 

169Z 

11 

** 

« 

59.62 

1.87 

3S>8 

3943 

7.69 

8.13 

*i693 

'^p 

34*A 

AM^iw 

6141A 

482+ 

2.1 1 

^*2t 

3375 

8,14 

137 

1694 

I* 

•t 

(4 

5«-74 

l.dl 

3188 

H^l 

8.05 

8.33 

169s 

"t 

It 

4* 

tt 

5J-2+ 

I.9I 

J38t 

3656 

7*97 

8.29 

16^ 

u 

■« 

ti 

55-74 

1.63 

3473 

3793 

789 

8-2S 

i^r?7 

"t* 

«i 

44 

it 

58-14 

1-75 

3«55 

3918 

r82 

8.21 

1698 

«l 

41 

ti 

60.74 

1.68 

4061 

7.76 

8.17 

•1699 

ioiA 

143eA 

+J4fA 

614,1 

4934 

1.S7 

3333 

3637 

8.2t 

841 

1700 

Hi 

51,84 

1.7s 

3506 

8.12 

8j8 

1701 

::f 

*t 

44 

U 

56.84 

1.70 

3776 

B.03 

Mt 

1702 

ii 

414 

tt 

1.62 

3595 

39<3 

795 

8.3? 

1703 

::]• 

<i 

■  4 

it 

59-34 

1-55 

3685 

4048 

7-88 

8.26 

1704 

41 

44 

tt 

61.84 

149 

1775 

4181 

7.81    ]   S.»  I 

'Sp 

acinK  of  ri 

vet  linos  0 

F  web  greater  than  3 
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Properties  of  Top  Chord  Sections. 

J 

f 

? 

1 

1 

1 

I 

r 

Propcrtiei 

of 

Top  Chord  SecUooa. 

4L.._ 

Ll                         Four  Angles 

' &                                       and 

y                             Thi«  Plate*. 

(X  ■ 

I 

1=1   i 

Li 

■ 

i 

Plate*. 

Angles, 

Crow  Am. 

EoccA- 

Momentiof 
Inertia, 

RadUofGjTO- 
Uoa, 

Sectkm 

•Ntuober. 

Web. 

Cover, 

Top. 

Bottoin* 

tridly. 

Axil 
A-A. 

Axlfl 
B-B. 

Axis 
A-A. 

Axil 
B-B. 

A 

e 

u 

H 

r*            ra 

locbu. 

Incfac. 

Inches. 

lodicd^. 

Xncbea. 

Incbci*. 

Indies'. 

locbea.  Inches. 

•1705 

20X^ 

14XA 

+x4JcA 

6^U 

50.42 

1.64 

344 » 

361s 

8.26 

8.47 

1706 

"  i 

li 

ti 

52.92 

I-S7 

3530 

37';7 

8.17 

8.43 

1707 

(( 

«« 

It 

5S-4i 

1.50 

3620 

3896 

8.08 

8.39 

1708 

n 

« 

II 

57-92 

1-43 

3708 

4033 

8.00 

8.35 

1709 

tt 

u 

" 

'* 

60.42 

1,37 

3796 

4168 

7.93 

8.31 

1710 

"  1 

u 

It 

i4 

62.92 

1.3a 

3885 

4301 

7.86 

8.27 

•1711 

Jfj'A 

24xA 

4H;tA 

6x4x1 

5  ISO 

1-43 

3554 

3733 

8.31 

8.51 

1713 

It 

u 

54-00 

1.36 

3642 

3875 

8.21 

8.47 

1713 

!  "^ 

ti 

tl 

t* 

56.50 

1.30 

3730 

4014 

8.12 

843 

1714 

4« 

ii 

tl 

It 

59.00 

1.25 

3817 

4»5I 

8.04 

8.39 

1715 

!!  f* 

ti 

It 

(t 

61.50 

1.20 

3904 

4286 

7-97 

8.35 

1716 

t( 

II 

ft 

tt 

64.00 

115 

3992 

4419 

7.90 

8.31 

32^  X  as"  SecUoiu    A  Seri«*. 

•1717 

^=;•^ 

»sxA 

34x3ixA 

5X3ixJ 

53-55 

2.57 

3839 

4129 

8.55 

8.87 

1718 

11 

It 

<t 

*' 

5530 

2.44 

3967 

4323 

8-47 

8.84 

1719 

"  i 

It 

14 

41 

58.05 

2.33 

4093 

45»4 

8.40 

8.82 

i7iO 

1* 

t4 

«( 

«l 

60.S0 

2.22 

4219 

4703 

8.33 

8.80 

•1711 

"«A 

453tA 

jlxjJiA 

5x3  U  A 

53  49 

2.35 

3983 

4243 

8.63 

8.90 

1711 

It 

CI 

tt 

56.24 

2.24 

410S 

4436 

8.54 

8.88 

1713 

"   * 

III 

u 

tt 

58.99 

2.14 

4232 

4627 

8.47 

8.86 

1724 

It 

(t 

« 

«t 

61,74 

2.04 

4355 

4816 

840 

8.83 

•1715 

»xA 

i( 

2SXA 

3U3ixA 

5x3ixl 

54-39 

2.15 

4116 

43SO 

8.70 

8.94 

1726 

11 

t< 

II 

5M4 

2.05 

4238 

4544 

8.61 

8.92 

1717 

II 

<* 

M 

4* 

59.89 

1-95 

4361 

4735 

8.53 

8.89 

1718 

(1 

<( 

It 

62.64 

1.86 

448J 

4924 

8.46 

8.87 

•1729 

«xA 

35xA 

jh3ixA 

5X3ixH 

55-29 

1.96 

42J2 

43<'3 

4460 

8.76 

8.98 

1730 

II 

II 

<* 

tt 

58.04 

1.86 

4654 

8.67 

8.96 

1731 

II       1 

It 

<l 

41 

60.79 

1.78 

4483 

4845 

8.59 

8.93 

»73i 

t( 

11 

tt 

U 

63.54 

1.70 

4603 

5034 

8.51 

8.90 

•Sp 

acin^  of  rivet  Unirs  0 

f  web  greater  than  30  X  lIil'-kncsH  of  plate. 
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TABLE  U.-~Qmiimmed. 
Pkopeeties  of  Top  Chokd  SBcnox& 


r 

t 

T 

— r- 

'f 

1 

of 
Too  Qucd  SectuoL 

4L..J 
4-- 

■4- 

ft 

FporAofhs 
ok] 

-i=! 

1 

L! 

i 

P1U4. 

Ancles- 

"SSt* 

Radii  of  Gm- 

ticn- 

CnHAtm. 

tridty. 

Au 

An 

Aj^ 

JaM 

Section 

fUvmbv, 

Web,            Caw. 

Tap.             BottOL 

A-A, 

^B. 

A-A. 

B^ft. 

A 

^ 

Ia 

u 

r* 

n 

[Ddio.     1     iDcha. 

tncbo. 

locbo. 

Incbc^. 

tl^WA. 

lacba*. 

Ik)»<.  lodbem. 

Incba. 

''713 

251A 

j4xj*^Ai  sx3ixj 

5617 

1-77 

4361 

4570 

&.81 

9k02 

1734 

i4 

*1             1            4A 

SS.9Z 

t.6g 

44S0 

4764 

8.72 

8.99 

*73S 

"1* 

U 

111                                   u 

61.67 

1.61 

4598 

4955 

8.63 

8jj6 

1736 

H 

U                                   <i 

df-M 

1,55 

47"6 

5144 

855 

8-93 

33^  X  7S"  SecUai.    BSefkc 

•1737 

i«j 

n^ft 

4141A 

6iai 

52-18 

^-47 

3974 

3939 

873 

8.69 

•i73« 

^ 

n 

14 

«4 

S4-93 

aj4 

4103 

4*13 

1:^ 

8^5 

1739 

fti 

(» 

(ll 

Ll 

S768 

2,23 

4J37 

4^84 

8.62 

1740 

"  * 

u 

4i 

u 

fio-43 

2,13 

435* 

4453 

«-49 

8.58 

1741 

u 

44 

(( 

63.18 

1^ 

4473 

46k> 

841 

8-55 

•174* 

zix} 

as^A 

4*4*A 

6x4iA 

53-30 

2-11 

4141 

4070 

8.81 

8-74 

*I743 

::^ 

f4 

14 

>14 

56-05 

3.10 

4365 

4^44 

8.72 

8.70 

1744 

« 

til 

14 

ti 

58,80 

2.00 

4388 

4415 

8.64 

%J&T 

J  745 

"  i 

■  1 

<4 

ft 

6"'S5 

1,91 

4509 

4S»4 

8.56 

S.63 

1746 

11 

It 

14 

«£ 

64.30 

1.83 

4630 

475* 

849 

8,60 

I'^*I 

^^A 

25s  A 

4I+1A 

614.^1 

5440 

1.96 

4299 

42ag 

8.89 

8.79 

*I74« 

"t 

tft 

14 

ft! 

SMS 

1.87 

4419 

4374 

8.79 

8.75 

1749 

f* 

■4 

ft 

5990 

r.78 

4539 

4545 

8.70 

8.71 

I7S0 

"H 

AC 

f4 

14 

t{ 

62.65 

1,70 

4659 

4714 

8.62 

8.67 

1751 

it 

" 

t( 

6540 

1,63 

477s 

4881 

8.54 

8.64 

*i7S^ 

12li 

aS^A 

+I41A 

6x4iH 

5548 

1.74 

4441 

4331 

S.95 

8.8+ 

'J753 

"  A 

ti. 

■  « 

t( 

58.13 

1,66 

4560 

4505 

8.85 

8.80 

17S4 

"  1 

f* 

41 

u 

go.98 

1.5S 

4678 

4676 

S.76 

8.76 

J7SS 

"1* 

<( 

n 

tj 

6371 

i-5< 

4796 

4S45 

8.68 

8,72 

1736 

It 

11 

it 

6G48 

MS 

4913 

5012 

8.60 

8.68 

*I757 

33X$ 

2S3tA 

4Jt4xA 

fii+sl 

56.56 

1,52 

4580 

^ii 

9.00 

8.88 

*1758 

"f 

«t 

ii 

ti 

59  J  i 

145 

4697 

8,90 

8,84 

1759 

M 

.1 

ft 

63.06 

1-39 

4814 

4806 

8.81 

8.80 

1760 

^'  H 

fl 

•1 

ii 

64.81 

1.33 

4930 

4975 

8.72 

8.76 

1 761 

"  3 

II 

II 

(1 

67.56 

1.27 

5046 

5141 

8.64 

873 

*Sp 

acing  of  rivet  lines  0 

f  web  greater  thad  jo  X  thickr 

less  of  pUtc. 
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^H 

TABLE  &i.-~ConUnu€d.                                                ^^^^1 

Properties  of  Top  Chord  Sections. 

1 

J 

T 

r^i  ! 

T 

Propertin 

of 

Tap  Chord  Scctioo*. 

4- 

-  -  —  - - 

.    —.4^                          Four  Anxlet 
^                            Three  Plates. 

IJ]  i 

i-,1 

1 

FUtea. 

Anclo. 

Moinrtits  of      |  Radii  of  Gym- 
Inertia.          1             tion. 

Groai  Area. 

Ecccn> 

1 

Iridty. 

Axis 

Axis        Axil       Axil    1 

fl 

Section 

A- A. 

B-B.    1   A-A. 

B-B. 

Number. 

Web. 

Cover. 

Top. 

Bottom. 

A 

e 

U 

Ib        1        fA 

Tb 

InctM. 

iBCJlCT. 

Inches. 

laches. 

Inches'. 

Inches. 

Inches*.  Incbe»*.|  UwJim. 

Inches. 

aa"  X  a6"  SccOoo.    ASerici, 

•1761 

ii 

361I 

3U3UA 

5X3|xi 

54-74 

a.93 

4006 

4681 

8.56 

9.35 

1763 

n 

11 

57-49 

3.80 

4138 

4901 

8.48 

9.23 

1764 

it 

14 

(1 

60.14 

2.67 

4270 

S1I6 

8.41 

9.21 

1765 

'* 

tl 

14 

M 

62.99 

3.54 

4402 

5326 

8.36 

9.19 

•1766 

22XA 

26x| 

3J»3JxA 

5^3 |x A 

55.68 

2.71 

4160 

4804 

8.64 

9.29 

1767 

"    i 

u 

11 

11 

58.43 

2.59 

4289 

5024 

8.57 

9.27 

176S 

"  li 

(( 

1* 

41 

61.18 

2.47 

4418 

5239 

8.50 

9.25 

1769 

■(  i 

Ll 

l( 

4t 

63.93 

2.36 

4546 

5449 

8.43 

9.23 

•1770 

2»A 

26x2 

3j:c3}xA 

SxjJtJ 

56.58 

2,51 

4300 

4923 

8.72 

9-33 

1771 

It 

(i 

41 

41 

59-33 

2.40 

4427 

5143 

8.64 

9-31 

1771 

'.:  * 

(i 

it 

41 

62.08 

2.29 

4554 

5358 

8.S7 

9.29 

1773 

U 

it 

4t 

64.83 

2.19 

4679 

5568 

8.50 

9.27 

•1774 

22xA 

36x1 

ai^taixA 

S'Sl'tt* 

57.48 

2.32 

4436 

5042 

8.78 

9.37 

"775 

li 

f( 

II 

60.23 

2.21 

4562 

5262 

8.70 

9-35 

1776 

"    4 

II 

«f 

u 

62.98 

2.11 

4686 

5^7 

8.63 

933 

1777 

tl 

*i 

1i 

6573 

2.02 

4809 

8.56 

9.31 

•1778 

22xfi 

26xt 

3^x34xA 

5XJU1 

58.36 

3.14 

4560 

5163 

8^^ 
8.76 

9-4  > 

1779 

tt 

11 

t« 

II 

61.11 

2.04 

4684 

5383 

9.39 

1780 

"    i 

<l 

II 

II 

63.86 

1.95 

4806 

5598 

8.68 

9J6 

1781 

tt 

tl 

II 

II 

66.61 

1.87 

4927 

5808 

8.60 

9-34 

92"  X  >6"  SectloD.     BSdiM. 

•1782 
•1783 

Z2X\ 

26x| 

II 

4X^A 

6x^J 

54-37 
57.12 

2.83 
2.69 

4148 

4280 

4672 

8.73 
8.65 

9.07 
9.04 

1784 

•t 

»t 

II 

•  I 

59.87 

2-57 

4410 

4866 

8.57 

9.01 

1785 

"  i 

(1 

II 

41 

62.62 

246 

4538 

5058 

8.51 

8.99 

1736 

tt 

•« 

II 

" 

65.37 

2.36 

4664 

5247 

8.45 

8.96 

•1787 

221J 

26xi 

4X4xA 

6x|)i,V 

5549 

2-57 

4325 

4619 

8.B2 

9." 

•1788 

{* 

«1 

i( 

41 

58.34 

2-45 

4453 

4816 

874 

9^ 

1789 

(t 

l< 

<i 

41 

6099 

2-34 

4580 

5010 

8.66 

9.06 

i7yo 

"      k 

4( 

II 

14 

6374 

2.24 

4705 

5202 

8.59 

9.03 

1791 

•1 

•1 

II 

14 

66.49 

2.IS 

4829 

5391 

8.52 

9.00 

•Sp 

acinK  of  rivet  lines  0 

f  web  greater  than  30  X  thiclcness  of  plate. 
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m 

M 

1 

TABLE  M,— Continued. 
Properties  of  Top  Chord  Sections. 


-  ^  e 

? 

r^  1 

IT 

Propcrtlw 
of 

aL.. 

1  :""_:]  ~" 

_  1, 

Four  Anclei 
and 

Top  Chord  Sectkxu. 

Three  Plates. 

1^ 
i 

Plato. 

Anglva. 

Eccen- 

Momeou of 
Inertia. 

Radii  oTGyn- 
tioo. 

tricity. 

Alia 

Axil 

Axit 

Axit 

Scttiba 

A- A. 

B-B. 

A-A 

B-6. 

Number. 

Web. 

COVCT. 

Top. 

Bottom. 

A 

e 

Ia 

Ib 

Ta 

ra 

Incb«. 

Inches. 

Inches. 

lQC±Ha. 

Incbof*. 

Inches. 

tnrkp«4 

Inches*. 

lochea. 

loclko. 

•1792 

22Xi 

26x8 

4»4»iV 

6x+xr 

5659 

a-33 

4490 

4761 

8.91 

917 

•1793 

"A 

li 

" 

II 

59.34 

2.23 

4614 

4958 

8.82 

9.14 

»794 

i( 

li 

(1 

It 

62.09 

2.13 

4738 

5 152 

8.74 

9.11 

«79S 

::|* 

u 

(t 

14 

64.84 

2.04 

4R6I 

5344 

8.66 

94)8 

1796 

14 

(( 

it 

67.59 

1-95 

4984 

5533 

859 

9-os 

•1797 

2«J 

26x| 

4X4xA 

6x4'ii 

57.67 

2.11 

4642 

49tH 

8.97 

9^ 

•1798 

"A 

It 

«( 

II 

60.42 

2.02 

\^ 

5101 

8.88 

9.19 

1799 

It 

It 

*t 

44 

63.17 

1-93 

5295 

8.80 

9.16 

1800 

"   4 

•( 

tt 

44 

65.92 

1.85 

5007 

'SI^ 

8.73 

9-13 

1801 

i< 

ct 

11 

(4 

68.67 

1.77 

5128 

8.64 

9.09 

*l802 

22X} 

26xJ 

4Jt4JtA 

6x4xi 

5875 

1.90 

4790 

5046 

903 

9-27 

♦1803 

"  A 

i( 

II 

It 

61.50 

I.81 

49II 

5243 

8.94 

9.24 

180+ 

ii 

(1 

ti 

64.25 

»'73 

5031 

5437 

8.85 

9^ 

180s 

*'  n 

(( 

(4 

tt 

67.00 

1.66 

5150 

56^9 

8.77 

9.17 

IB06 

It 

tt 

tt 

6975 

1.60 

5268 

58x8 

8.69 

9^13 

aa"  X  a8"  SectloQ. 

•1807 

32XA 

28x5 

4M^1 

6x4x4 

5747 

2.77 

4326 

5601 

8.67 

9.87 

1808 

II 

t« 

44 

60.22 

2.65 

4457 

1^ 

8.60 

9.85 

1809 

:;|i 

tt 

it 

44 

62.97 

i-53 

4586 

8.53 

9«i 

1810 

tt 

tt 

14 

65.72 

2.42 

4714 

6320 

8.47 

9.81 

•1811 

«xA 

28x| 

4x^1 

614XA 

5859 

i.53 

4502 

6014 

8.7« 

9.9J 

l8l3 

" 

II 

<l 

61.34 

2.43 

4630 

8.68 

9.90 

I8I3 

"   4 

4* 

(t 

14 

64.09 
66.84 

a-31 

4756 

6253 

8.6i 

9.88 

1814 

11 

<l 

14 

44 

2.21 

4881 

6490 

8-55 

9.86 

•I8I5 

"x\ 

28x1 

4x^1 

6x4x1 

59.69 

2.30 

4666 

5939 

8.84 
8.76 

9^ 

S8i6 

«• 

II 

14 

61.44 

2.20 

479' 

6181 

995 

1817 

"  * 

II 

M 

II 

65.19 

2.10 

4916 

6421 

6658 

8.68 

9^3 

1818 

ti 

1* 

41 

44 

6794 

2.02 

5038 

8.61 

9.90 

•1819 

22XA 

38z| 

4X4X1 

6x4xU 

60.77 

2.09 

4818 

6108 

8.90 

lOXJJ 

1S20 

"li 

|4 

■  1 

41 

63.51 

2.00 

4940 
5062 

6351 

8.83 

10.00 

1821 

it 

14 

11 

66.27 

1.93 

6590 

8.74 

9-97 

1833 

"  ! 

u 

11 

11 

69.02 

1.84 

5182 

6827 

8.67 

9-95 

•Sp 

acing  of  ri\Tt  Uncs  0 

f  web  greater  than  30  X  thirkt 

wss  of  plate. 
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TABLE  M.—ConliHued. 
Properties  of  Top  Chord  Sections. 


Properde* 

ol 

Top  Chord  SectioiH. 


Section 
Number. 


•1823 

1824 
1825 
1826 


•1827 
182S 
1829 

•1830 
1831 
1832 

•1833 
1834 
1835 

•1836 

1837 
1838 

•1839 
1840 
1841 


1842 
1843 
1844 

1845 

'1846 
'1S47 
1S48 
1B49 

'1850 
'1851 
18^2 
1853 


Four  AnilM 

and 
Tliree  Plates 


PlaCea. 


Web. 


Ifichea.  [nclics 


Cover. 


L3Xi 


28x3 


Anetcfl. 


Tod 


Inchn^ 


4M*3 


Bottom. 


Inches. 


6x4xi 


GrcMi  Area. 


Inchca*. 


61.85 
64.60 

67.3s 
70.10 


Eocen- 

tridty. 


Inches. 


t.89 
I.81 

173 
1.67 


MomcDU  of 
Inertia. 


Axis 
A-A. 


Inches*. 


4966 
5086 
5206 

JUL 


AxU 
B-B. 


iDChCS*. 


6175 

6518 

6757 
6994 


KAdii  of  G>-ni- 

tion. 


Axis 
A-A. 


tA 


Inches. 


8.96 

8.87 

8.79 
872 


Axis 
B-B. 


Incbcs. 


10.07 
10.04 

10.01 

9.99 


24"  X  af  SectSoa.    A  Sertea. 


T|t 

2nl 

14 

SxjUi 

4( 

60.62 

63.62 
66.62 

3.00 

2.86 
273 

5138 
5308 
5476 

5655 
59>9 
6174 

9.21 

9.»3 
9.07 

Ti. 

It 

u 
u 

Sx3hA 

4t 

61.56 
67.56 

2-79 
2.66 

2.54 

5318 

5484 
5648 

5789 
6051 

6308 

9.29 
9.22 

915 

Ti. 

jlxjlxA 

SxjJxl 

u 

62.46 
65.46 

68.46 

2.60 

2.+8 

2.37 

5483 

5647 
5809 

5918 
6179 
6437 

9.37 
929 
9.21 

It 

27x1 

3lx3JxA 

SX3JXH 

63.36 
66.36 
69.36 

a.41 
2.30 
2.20 

5644 
5964 

6048 
6309 
6567 

9.44 
936 
9.28 

24x1 

"1* 

sixjixA 

44 

5x31x1 

64.24 
67.24 
70.24 

2.23 
2.13 
2.04 

5792 
59SO 
6107 

C179 

6440 
6698 

949 

9.40 
9.32 

9.66 

9.64 

9.62 

9.70 
9.68 
9.66 

974 
972 
970 
977 
975 
973 
9.81 
979 
977 


■4"  X  tl"  Section.     B  Series. 


24XA 

"1* 


27xi 


2721 


27x5 


4K4xA 


4X4*A 


4HxA 


6x41  J 


6x4xA 


6x4x1 


60.00 
63.00 
66.00 
69.00 

61.12 

64.12 
67.12 
70.12 

62.22 
65.22 
68.22 

71.32 


2.92 

2.78 
2.65 

2-5+ 

2.66 
2.54 

2-43 
2.32 

2-43 
2.32 
2.22 

2- 1 2 


5296 

5464 
5631 

5797 
5506 
5670 
5S32 
5994 
5702 
5«63 
6022 
6181 


5372 
5610 

5R44 
607s 

5529 
57^7 
6001 
6232 

5684 

.';922 
6156 
6387 


9.39 
9.31 
9.24 

9-i7 

9.49 

9.40 
9.32 
9.2s 

9-57 
9.48 
9.40 
9-32 


9.46 

9.43 
9.41 

9-39 

9-5  < 
9-49 
9.46 

943 

9.56 

9-53 
9.50 

9.47 


•  Sparing  of  rivet  lines  of  web  gn-atcr  than  30  X  thickness  of  pl.iti 
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TABLE  BA.~-CotUinited, 
Properties  of  Top  Chord  Sections. 


r 

f 

1 

1 

1 

F 

Propcrtie« 

4L.._ 

.[ -1                        FourAnifc* 

Top  ChorJ  Sectiofu. 

4-- 

^--t  — 

""" 

_  r7_-!  _                                  and 

t                          Three  FUtes. 

[ 

B 

Ll 

Number. 

Plates. 

Angles. 

Gron  Area. 

Eccen- 
tricity. 

MomenUflf 
Inertia. 

RadU  of  Gyra- 
tion. 

Web. 

Cover. 

Top. 

Bottom. 

Axb 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

A 

e 

u 

1» 

'A 

rn 

Inches. 

Inches. 

Inches. 

Inches. 

Inches'. 

Inches. 

Inches^. 

Inches*. 

Inches. 

Inches. 

•1854 

1856 
1857 

27x1 

4X4XA 

tt 
tt 

6x^H 

II 
M 

63.30 
66.30 
69.30 
72.30 

2.21 

2.II 
2.02 
1.93 

S883 
6040 
6197 
6353 

5840 
6078 
6312 
6543 

9.64 

955 
9.46 

9.38 

9.61 
9.58 
955 
9-5  > 

•1858 

1861 

tt 

6X4X1 

II 

II 

64.38 
67.38 
70.38 
73-38 

1-99 
1.90 
1.82 
1-7S 

6061 
6217 
6371 
6524 

5994 

6232 

9.71 
9.61 

954 
9^3 

9.66 
9.62 

9-59 
9.56 

34"  X  38"  Section.    A  Serin.                                                                  1 

*i862 
1863 
1864 

r^ 

28xf 

tt 

tt 

5X3W 

(1 

61.24 
64.24 
67.24 

2.96 

2.82 

5 190 
5361 
553 » 

6232 
6521 

6808 

9-21 

9.14 

9.07 

iao9 
iox>7 
10.06 

•186s 
1866 
1867 

n 

(( 

28x| 

tl 

3ix3JxA 

II 

Sx3ixA 

11 

62.18 

65.18 
68.18 

2.89 
2.76 
2.63 

5372 
5539 
5707 

6377 
6953 

9.29 
9.22 
9-15 

10.13 
10. 1 1 
10.10 

•1868 
1869 
1870 

Tl. 

28xt 
tt 

tt 

3Jx3ixA 
11 

II 

Sxjjxi 

11 

63.08 
66.08 
69.08 

2.70 

2.57 
2.46 

5540 
5706 
5869 

6518 
6807 
7094 

9-37 
9.29 
9.22 

10.17 
10.15 
10.13 

•1871 
1872 
1873 

':•!' 

28xt 
tt 

tt 

3ix3ixA 

(I 

5x3JxH 
tl 

63.98 
66.98 
69.98 

2.50 
2.39 
2.29 

6027 

6659 
6948 
7235 

9.36 
9.28 

10.20 
10.18 
10.17 

♦1874 
1875 
1876 

24^1 

28xf 
It 

It 

3b3ixA 

tl 

It 

5x3jxi 
tl 

64.86 
67.86 
70.86 

2.32 
2.22 
2.13 

5855 
6014 
6172 

6791 
7080 

7367 

9.50 
9-42 
9.34 

10.23 
10.21 
10.19 

34"  X  38"  Section.     B  Series.                                                                       1 

•1877 
•1878 

1879 
1880 

24xA 
<'   f. 

tl  1 

28xf 

u 
tt 
tt 

4x4xA 

<i 

II 

6x4xi 

ft 
tt 

60.62 
63.62 
66.62 
69.62 

3.01 

2.87 

2.74 
2.62 

5352 
5522 
5690 
585s 

5930 
6195 

6457 
67«5 

9-39 
9-3 » 
924 
9.17 

9.89 
9.87 
9.84 
9-82 

•Sp 

acing  of  rivet  lines  0 

f  web  greater  than  30  X  thickness  of  plate. 
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■ 

TABLE  H— Continued.                                                          ^H 

Properties  of  Top  Chord  Sections.                                             ^^M 
1^1 

r^ 

t.         n 

of 
Top  Chord  SecUoo*. 

4L.. 
4"" 

-  :.77H_-:7_ 

:  -^^                ""J^              J_l 

^                           Three  Plat«a.                  ^^m^m 

1 

1 J  i 

Lt                ^ 

n 

i 

J 

Monwnti  of 

Radii  of  Gyrm- 

^H 

Plaiei, 

AnakiL 

Inertia. 

tio<n. 

Grow  Area. 

tiidty. 

Axil 

Axil 

Asia 

AxU 

Section 
Number. 

Web. 

Cover. 

Topr           Bottom. 

A-A. 

B-B. 

A-A. 

B-B. 

A 

e 

U 

la 

ta 

fB 

Incht«. 

lncf)C4, 

Inchei.          Inches. 

Inchw^ 

tuches* 

Incba*. 

iDches*. 

Inchm. 

Inches 

•t88i 

24x1^ 

Z8xf 

4Jt4^A 

6s4fA 

61.74 

2.76 

5563 

6100 

9.49 

9.94 

•1882 

ti 

•» 

6474 

2.63 

5729 

6365 

9.41 

9.92 

1883 

(( 

u 

14 

67.74 

2.52 

5892 

6627 

9-33 

9.89 

1884 

(1 

u 

It 

70.74 

2.41 

6055 

6885 

9.25 

9.S6 

•1885 

^^f* 

28x| 

4HxA 

fo+^t 

62.84 

2.S3 

5762 

6268 

9.58 

9-99 

•1886 

(( 

i4 

tt 

65.84 

3.41 

5925 
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IOjOB 

9.6e 

•2503 

•« 

44 

44 

14 

7844 

0.51 

7«I5 

7323 

9-98 

9^ 

2504 

:f 

U 

44 

44 

4t 

8144 

0-49 

7960 

7575 

9^ 

9.65 

2505 

«4 

44 

44 

M 

B444 

047 

8104 

782J 

^A> 

9.63 

•Slicing 

0*  nvct 

lines  of  « 

«b  greater  than  30  x  thickfw**  of  plate.                                       | 
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TABLE  Sy—Camimmei. 
Pkopebties  ov  Top  Cboid  SacncnsL 


TopChofd  SectkMu. 


FUtca. 


Sectioo' 
Nun-  • 
ber.    . 


Web. 


Cover. 


Top. 


Onm  iEeoeo- 
tridtr. 


Sadiof  Gya. 


Axh   !   Alto   I 
A-A.  I  B-B,  I 


B-B. 


Onuide. 


iBbde. 


I     U 


'A 


Ittrttff  Iftrhft.  flKftt. 


2506  I  24xA 

2507  "  I 


2508 
2509 


'2510 
'25 1 1 
2512 
*St3 


24x1 


28x| 


28x| 


4*4*4    6m*H 


4*4*4 


6x4x! 


6x4*tt 


6x4x| 


77.60 
80.60 
83.60 
86.60 

79.76 
82.76 
85.76 
88.76 


0.20 
0.20 
0.19 
ai9 

-.08 
--07 


7937 
8061 
8225 
8369 

8185 
8329 
8473 
8617 


7298 

7551 
7803 
8051 

7519 

777a 

802S 

8369 


IOlIO 
lOuOO 

9-9» 
9^3 

XOuI2 
10.02 

9-93 
9SS 


9.70 
9j68 
9.66 
9.^4 

9.71 
9^ 
9.67 
9^65 


a4''X30*SecUoit. 


•2514 

2515 
2516 

•2517 
2518 

25  "9  i 

•2520  . 
2521  ! 
2522 

•2523  I 

2524  i 
2525 

•2526 

2527 
2528 

•2529 
2530 
2531 


"  i 

24*1 


24*1 


I* 


24xJ 

Mi 
"  1 


3<»H 

4*4*i 

<* 

6x4x1 
44 

It 

(( 

*4 

30XH 

4X4XJ 

6x4xA 

(4 

4* 

44 

30xH 

4*4*1 
44 

6x4xJ 

44 

tt 

44 

(4 

30xH 

4*4*J 

44 

6x4xA 

<l 

44 

44 

joxH 

tt 

4^1 

6x4x1 

44 

It 

44 

44 

3ox!i 

4*4*i 

4( 

6x4xH 

« 

14 

4f 

1 

6x4x1 

72.57 

7557 
78.57 

a.43 
2-33 
2.14 

6831 
6993 
7152 

7875 
8187 
8498 

9.70 
9.62 

9-53 

6x4xA 

74.85 
77-85 
80.85 

2.02 
1.87 

7228 
7384 
7539 

8778 

9.83 

6x4x1 

44 

77.13 
80.13 
83.13 

X.64 

J-59 
1.52 

7593 

8439 
8749 
9057 

9.91 

9.84 
9.75 

6x41ft 

44 

79-37 
82.37 
85-37 

1.29 

1.24 
1.20 

7934 
8083 
8231 

8716 
9025 
9332 

10.00 

9-91 
9.82 

6x4x5 
44 

44 

81.57 
84.57 
87.57 

0.96 
0.93 
0.90 

8248 

8395 
8541 

8989 
9297 
9603 

laos 
9-97 
9.88 

6*4*U 

;: 

83-73 
86.73 
8973 

0.66 
0.64 
0.62 

8531 
8677 
8822 

9258 
9565 
9870 

10.09 
10.00 
9-91 

1042 
10-41 
1040 

1044 
1043 
1042 

1046 
1045 
1044 

10-47 
1046 

I04S 

lajo 
1048 
1046 

lasi 
10.50 
1049 


'Spacing  of  rivet  lines  of  web  greater  than  30  X  thickness  of  }^te. 


200 


^K. 

TABLE  SS.^Coniinued. 

^^^< 

Properties  of  Top  Chord  Sections. 

^ 1 

n 

T"i 

1 

4 

of 

Top  Cbonl  Section*. 

4i_.._ 
4  ■•■■ 

■■•I"- 

Six  Ansica 

mnd 

ThxeeFtalci. 

1 

i=!L    JlUL 

i 

Section 

Num> 

ber. 

Pbtes. 

An«lc». 

GriMB 

Area. 

EccAi- 

tfidty. 

Moments  of 
Inertia. 

lUdilof  Gyn. 
tion. 

Wrb, 

Cover. 

Top. 

Bottom. 

Alls 
A-A. 

Axis 
B-B. 

Axb 
A-A. 

Alls 
B-B. 

1 

Out4ide. 

Inside. 

A 

e 

u 

Id 

ta 

>> 

^ 
* 

Inches. 

Inchea. 

Inches. 

iDcho. 

lochea. 

Inches". 

Inches. 

Inchn*.  Inches*. 

locbca. 

Inches. 

•2532 
2533 
aS34 

241 

;:  * 

30xH 

4( 

(4 

6^1 

91-89 

0.38 
0.37 
0.36 

8806 
8950 
9094 

9526 

9832 
«o»35 

10.13 

10.04 
9-95 

"0-53 

10.52 
10.50 

96"  X  10^  SKdm.     A  Serio. 

'2535 

•2536 

»S37 

30^H 
It 

4X4ii 

4X4** 
U 

75-63 
78-88 
82.13 

2.47 

2.37 
2.27 

8220 

8421 
8623 

8157 
8499 
8834 

10.38 
10.32 
10.26 

10.38 
10.37 
ia.36 

•2538 

•»S39 

2540 

If 

30xH 

4»4*i 

I* 

4MfA 

44 

4^A 

*4 

So.6a 

83.»S 

2.15 
2.06 
1.98 

8559 

8757 
8953 

8363 
8704 
9038 

10.52 

10-43 
10.34 

10^ 

10.39 
10.38 

1 

•2541 
•2542 

2543 

261 

30«tt 

4x^i 

4x^t 

4^1 

7907 

82.32 

85-57 

1.85 
1.78 
I.7I 

8878 
9062 
9265 

8563 
8904 

9337 

10.59 
10.49 
10.40 

1041 

io4o 

10.39 

1 

•2544 
'aS45 

2546 

?[. 

30.H 

*< 

4*4>1 

4»4J» 

14 

4X4^U 

U 

80.75 
84.00 

87.2s 

t-57 
1.51 

1-45 

9169 
9360 
9551 

8764 
9103 
9425 

10.65 
10,55 
10.45 

1043 
104Z 

10.39 

1 

•1547 
•1548 

1549 

26)1 

30xH 

4X4xi 

4MJiI 

44 

4^1 

44 

82.39 
85.64 
88.89 

1.32 

1.27 

J. 22 

9441 
9629 

9817 

8962 
9301 
9632 

10.70 
IQ.60 
10.50 

1043 

1043 

1041 

»6"  X  30"  SectJott,    B  Seriet. 

•2550 

•2551 

2552 

261 

30.H 

4MX» 

<1 

4x4x1 

77.63 
80.88 
84.13 

3.08 
2.00 
1.92 

8669 

8865 
9061 

6669 
9011 
9346 

10.56 

10.46 

10.37 

"0.57 

IO.S5 
10.53 

•3553 

•JS54 

2555 

26x 

3«H 

♦X4xj 

6x4.ft 

1( 

4i4|cA 

79-61 
82.86 
86. 1 J 

1.73 
1.65 
1-57 

9042 
9J38 
9434 

8939 
9280 

9614 

10.65 
10.55 

10.46 

ia6o 

10.58 
ia56 

•2556 
•«557 

2558 

26x 

30XH 

4*4»4 

6i4«l 

44 

4X4X1 

(« 

44 

81.57 
84.82 
88.07 

1.41 
1.36 
1.31 

9389 
9766 

9203 
9544 

9877 

10.72 
10.62 
iO-53 

10.63 
10.60 
10.58 

4 

•  Spacing  of  rivet 

Kncs  of  wc 

b  greater  than  30  X  thickn 

ess  of  plate. 

« 
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2 
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TABLE  85. 

Pbotesties  <m  Tor  Cmomt  Smcwtotn, 


ffMB* 

bcr, 


•J561 


Web, 


Covfr. 


locbH,      liiclm,        tactn. 


Top. 


261 
26t 


G«w 


[D£1MS.       I       l«*-*t*f- 


61+xH 


4Jt4iH 

•4 

u 

4Mxi 


tnotr* 


Alii 
A-A. 


8J49 
86.74 

85,39 
88.64 
QI.89 


I. II 

1-03 

D.83 
0.B0 
(J.7S 


9707 

9894 
ioq8i 

loait 
10195 
■0379 


irf  Grn- 


A-A.  ^ 


B-B< 


9468 
10139 

10069 
10400 


10.7S  I  ta64 
ia68  la&f 
11x59     to^i 

10.85  to^ 
ia7i  10.6; 
io.6j  I  10.63 


2567 
1570 

•ai7i 

•1571 

a57J 

•*574 

4576 

**S77 

*1578 

»57V 


j6"  X 30^ SkUob.    CSpich 


?l. 

3mH 

11 

it 

6^i 

6141I 

it 

79*63 

e6.J3 

1.70 

1.63 
1.57 

9100 

at 

87*7 
9067 
9403 

10^ 

io<S9 
10^9 

LI          1 

4* 

6^h 

6^A 

ff 

8K87 
88.37 

1,34 

987s 

9004 

10.76 
10,66 
10,  ;6 

U          I 

(L 
41 

4»4J(| 

n 

6^1 

iC 

it 

84-*^ 

87.31 
90-57 

P-99 

0.95 
0.91 

9870 
10056 

lM+3 

9175 
9614 

99+& 

10.S3 
10, 7  J 
10.63 

2fn 

III 

+X4ii 

6x4xH 

11 

86,23 
694B 
92^73 

0,66 
0.63 
0.61 

J0212 
10397 
1058a 

9548 
988S 
10Z15 

10,88 
10,77 
10.67 

"    1 

30ilt 

It 
li 

4Msi 

I* 

It 

6x4^1 

11 

88.39 
91.64 
94.B9 

0.37 

0.36 

0-35 

10530 

10713 
10897 

9«17 
I0IS4 
10+83 

10.91 

lo.Ss 
10.73 

1046 
t«MS 
1044 
104B 

1047 
1046 

lOvSD 

1049 
1047 
10,51 
10,50 
1049 

to.52 

to.si 


J6" 

X  3a"  SccUon. 

1580 

2631} 

21x1 

+X4*J 

6x4*J 

6x4^1 

84.94 

2.77 

9017 

10718 

10.30 

A^8t 

ij 

"t 

'■t' 

87,23 

2,39 

9498 

11048 

1044 

3^82 

89.50 

2.03 

9948 
10369 

11379 

to- 5  4 

aiSl 

ti 

"     \ 

"  iV 

gl.74 

1.69 

11703 

10,63 

a^«4 

" 

"  1 

93-94 

1-37 

J0761 

IJOij 

10,70 

VM 

" 

"  i 

"  ft 

96.10 

1.06 

11124 

12338 

10.76 

*A 

"  i 

98.26 

0.S0 

11466 

12652 

to,8o 

II. IJ 
11.15 
1 1 .27 
11.19 
11,II 
"■35 


•SpactnK  tit  rivet  linos  of  web  greater  than  30  X  thicknesa  of  plati 
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^^^^^                                               TABLE                                                                 ^^1 

m^ 

Properties  of  Top  Chord  Sections. 

^ 

nrnp.. 

Propertlcior                          A'. 

-f-  ■ 

^. .  A^                      Elafat  Angles  v^ith 
^                   Short  Legs  Turned  Out 

Extra  HcRvy                                • 

Top  Chord  Sections.                        4 

fl                              and  Five  Plalea. 

1 

1 

JIL  J  LA 

k 

Src- 

tioci 
Num- 
ber. 

Plata. 

Anflcf. 

Cmm 

Area. 

Eccen- 
tricity 

Moments  of 
Inertia. 

Radii  of  Gym- 
Uoa. 

Web. 

Com. 

Top. 

Bottom. 

Axlb 
A-A. 

AxU 
K-B. 

Axis 
A-A. 

Axis 
B-B. 

Outside. 

l»-ide. 

Oqt^d«. 

Inside. 

A 

e 

I*           In 

tA 

fB 

Incbo. 

lBchH.|    Inches. 

lachti.  1   Indies.      Inches. 

Inches.'  Inches. 

Inches.*  Incba.* 

Inches 

Inches 

aiT  X  38"  SecUon. 

2901 

"XA 

28Xi 

6X4X1 

6X4X1 

6X6X1 

6X6X1 

99  94 

0.65 

7436 

9070 

8.62 

9-53 

Z902 

"    1 

li 

tt 

11 

II 

105.44 

o.6i 

76^0 

9478 

8.52 

9.48 

1703 

"    ft 

<1 

u 

II 

1* 

110.94 

0-59 

7884 

9871 

8.42 

9-43 

2904 

"    1 

U 

i« 

ti 

II 

116.44 

0.56 

8107 

"0255 

8.34 

9.38 

2905 

"  H 

4. 

[< 

14 

■4 

121.94 

0.53 

8330 

10627 

8.26 

9-33 

1 

2906 

"  1 

I< 

11 

It 

41 

127.44 

asi 

8554 

10987 

8.19 

9.28 

a4''X30^Sbctiaii. 

2907 

HXi 

30X1 

6X4X} 

6X4XJ 

6x6Xi 

6X6X1 

1 19.5 1 

0.64 

10710 

12874 

9-47 

10,38 

2908 

•'  A 

i( 

II 

II 

14 

14 

125.51 

0.61 

IIOOO 

>34i3 

9.36 

10.34 

2909 

"  J 

it 

II 

fl 

44 

44 

131.51 

0.58 

11290 

>3934 

9.27 

10,29 

2910 

"  H 

ti 

1( 

<1 

14 

14 

"37.51 

O.S5 

11580 

14441 

9.18 

10.25 

291 1 

"  1 

LI 

il 

41 

It 

41 

143.5  J 

0.S3 

11870 

14937 

9.10 

10.20 

96^  X  32"  SKtkm. 

2912 

16XA 

33X4 

6X4X4 

6X4XJ 

6X6Xi 

6X6X3 

131.26 

0.74 

13505 

16638 

10.14 

11. 26 

29'J 

"  1 

li 

44 

*« 

14 

II 

'3776 

0.70 

U874 

17335 

10.03 

11.22 

2914 

"  H 

l« 

a 

11 

44 

II 

144.26 

0.67 

«4343 

18015 

9-94 

II. 17 

2915 

"  i 

u 

*l 

I* 

44 

44 

150.76 

0.64 

14613 

1S682 

9.85 

II. 13 

a**  X  m"  SmiOoa. 

2916 

18X1  34x1 

6X4Xi 

6X4X1 

6X6X! 

6X6Xi 

144.01 

0.83 

16791 

21238 

10.80 

12.14 

2917 

"  H     " 

11 

44 

14 

II 

15101 

0.79 

<7i53 

22126 

10.69 

13.10 

1 

2918 

■1     1            •• 

H 

44 

14 

44 

158,01 

0,76 

1771 5 

22997 

10.59 

12.06 

JO"  X  36"  Section. 

2919 

3OXH 

?6X} 

6X4Xi 

6X4X1 

6X6XX 

6X6X 

15776 

0.92 

20627 

26810 

1(44 

13.03 

2920 

"     I 

*' 

<« 

It 

" 

M 

165.26 

0.8  B 

21196 

27920 

11.35 

1 5. Op 

L 
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TABLE  87. 
Peoperties  of  Plate  Girders. 


^A. 


rr 


D-' 


•;  ?     1    ^ 


T 

if 

\ 


<^ — 4— H- 
4i, 


-y-v..d 


Some  specifications  require  that  plate  girders  be  proportioned  by  the  moment  of  inertia  of 
their  gross  section  and  some  by  the  moment  of  inertia  of  their  net  section.  I'he  moment  of  inertia 
of  the  gross  section  can  be  obtained  by  direct  addition  from  Tables  l,  5  and  33.  The  moment  of 
inertia  of  the  net  section  is  obtained  by  subtracting  the  moment  of  mertia  of  the  holes  from  that 
of  the  gross  section.  The  moment  of  inertia  of  the  holes  can  be  calculated  by  the  formula  /  =  .y»A', 
the  moment  of  inertia  of  the  holes  about  their  own  axis  being  negligible,  J^  being  the  diametral 
area   of  the  hole  and  h  the  distance  from  the  neutral  axis  to  the  center  of  the  hole. 

The  method  of  calculating  the  moments  of  inertia  of  plate  girders  will  be  illustrated  by  a  typical 
example. 

Example:  Determine  the  moment  of  inertia  and  section  modulus  of  a  section  consistinc  of 
4  angles  5"x3i"3ti".  long  legs  out,  24J"  back  to  back,  I  web  plate  24"xi",  2  cov.  plates  12"xr  . 

Moment  of  Inertia  and  Section  Modulus  of  Gross  Section. 


Tr^m 

b.  to  b.  AEi&le«. 

Extreme  Fiber. 

Moment  of  Inatla,  * 

\xisA-A. 

Sectioa  Modnha. 

d 

c 

Table, 

I 

S»\h. 

Inches. 

iKiia. 

iDcbes. 

iDchcfl*. 

iDcbes". 

4  A  5X3JxJ 

1  Wb.  PI.  2Ax\ 

2  Cov.  PI.  wxl 

14 

12.25+0.615 

33 
3 
5 

2074 

432 

2366 

487a 
12^75 

12.875 

Total  /  - 

4871 

S-37«^ 

Moment  of  Inertia  of  RiTet  Holes  (|"  Rivets,  i"  holes). 

Number. 

SUc. 

Arca- 

Dirt,  to  (« o{ 
ilole. 

Dist." 

A4h« 

I,nraUoa. 

txd 

At  •  t  X  d 

b 

h* 

Inches. 

Inches.* 

Inches. 

tncbcs*. 

Inctio*. 

Web 

Flange 

1 
4 

ilxi 
i|xl 

4.50 

XO.3 
13.3 

I06.Z 

29* 
681 

Total  - 

97y 

The  Moment  of  inertia  of  the  net  section  is  4872  —  973  »  3899  in.\  and  the  section  SKxiuliu 
is  3899  +  12.875  ~  302.8  in.'. 

Approximate  Methods. 

The  use  of  the  moment  of  inertia  of  the  net  section  in  proportioning  plate  ftirdera^  requires 
that  holes  in  the  compression  flange  be  deducted  as  well  as  those  in  the  tension  fiance.  This  tinly 
approximates  the  true  condition  so  that  great  accuracy  in  calculating  the  moment  of  inertia  of  the 
net  section  does  not  seem  warranted.  The  following  approximate  solutions  give  results  which  art 
frufhciently  accurate  fur  use  in  design. 

I  St  Approximate  Method: 

Net  Area  . .  12 


Net  /  of  Angles  «  Gross  /  X 


»2074  X 


1556      Table  33. 


Gross  Area  16 

Net  /  of  Web  PI.  -  Gross  /  of  Net  Depth  -  /  uf  22"  X  I"  PI.  -  333 

Net  I  of  Cov,  Pis.  «  Gross  /  of  Net  Width  -  /  of  a  -  10''  X  I"  Pis.  -  I97» 

Total  Moment  of  Inertia  of  Net  Section  =  3861  in.* 

ad  Approximate  Method: 

vr      f       /-         f  v>    Net  Area  .       ,,  32.75  -    ,    . 

Net  /  ==  Gross  /  X  „         ,     -  =-  4872  X    -- ^  =  3989  in.* 
Gross  Area       ^  '         40.00       ■"  ^ 

T^M!!  method  gives  more  accurate  rcsuhs  for  scciinna  wiihout  cover  plates._ 
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^^^^^^^             TABLE                 ^^^^^^^^^^^^^^^M 

^ 

Centers  op  Gravity  op  Plate  Girder  Flanges.                                     ^^| 

I 

CHICAGO,    MILWAUKEK   &    ST.    PAI;L    RY. 

,      1 

1 

n 

1 — "'           — =-\ 

1 

1 

c 

-4—^ 

r 

[T^     ^-^^! 

^    ]         cfr 4 

<—-;_.]          ^ 

1 

1 

^■^- 

f 

1"^    ^^ 

^„.L. 

^ 

" 

r 

™ 

u 

Z                    Typei 

TVPE  I. 

TYPE  a. 

Two  Top 

Tyro  t**xA**  Bottom  Aiwles. 

Two  Top 

Foar  6"*4'*  Bottom  Angles. 

TfiickacaB  ia  Inches. 

Thickness  in  Incbes. 

Ancles. 

.      Ancles. 

1 

\ 

1 

1 

{ 

i 

1 

h 

1 

I 

\ 

■ 

Inchofl. 

In. 

In. 

In. 

tn. 

la. 

iticbea. 

In. 

fn. 

In. 

In. 

In. 

In. 

8X8X 

3-81 

4.12 

4.35 

4.55 

470 

exHX 

5.12 

553 

5.69 

5.85 

6.07 

6.27 

3.62 

3.90 

413 

4-30 

4-45 

4.81 

5-22 

540 

5-54 

579 

5-9« 

3  49 

375 

3-96 

4*3 

4.27 

1 

4-59 

4-99 

S.16 

S.30 

5-55 

575 

339 

370 

3.H3 

3  99 

4.13 

4-42 

4-Bo 

4-9'> 

5  11 

5-25 

5-57 

I 

3-33 

3.S5 

373 

3.89 

4.03 

1 

4.38 

4.65 

4.81 

4.96 

5. 19 

541 

xi 

3.28 

348 

3-67 

rHi 

394 

li 

4-38 

4.53 

4.66 

4.83 

5.06 

5.36 

TYPE  3, 

widtti 

Sbe 

of 

TbkkaoB  of  Ftate,  Incbci. 

of  Angle*. 

Plate. 

In. 

la. 

0 

1 
1.1 

2    .98 

1 

,86 

* 
73 

i 

.63 

X      1 

.52  "^ 

1   i\ 
\%  .33 

ift 

i| 

i|      iJ       a 

t\ 

1 

6X6X1 

U 

1.68 

•  15 

.07 

—.02  — .10— .IB 

"4 

1.0 

9    -95 

.83 

.70 

•59 

48  .1 

19    •»9 

.20 

.11 

.03 

-.06-.14I-.22 

IS 

I.O 

7  -92 

-79 

.66 

•55 

45-^ 

15    -25 

.16 

•07 

—  .01 

-.10,-. 18 

-.36 

f6 

1.0 

4   .89 

75 

.63 

•52 

.41.: 
.67.. 

II    .21 

.13 

.04 

-.05 

-.13-.21 

-.39 

6X6X1 

13 

1.73 

1.2. 

41.11 

•99 

•^7 

.77 

vf  .47 

.38 

.30 

.21 

•  13 

.04 

-.04 

14 

I.2l't.08 

•95 

.83 

-73 

.63.. 

13    .43I34 

.25 

.17 

.08 

jOO 

-.08 

15 

1. 191. OS 

.92 

.80 

.69 

•59 -H 

19    -39,  .30 

.21 

•13 

•04 --04 

—  .13 

16 

1. 16  1.02 

.89 

77 

.65 

•^^'i 

\S    -35, .26 

.17 

.oq 

.00  —.08 

-.16 

6X6XJ 

n 

178  IJ4  t.2l|l.lO 

.99 

■89 

.79  .< 

^   .6o;.5i 

.41 

•34 

,25      .16 

.09 

H 

1.3I;l.l8  1.07 

.95 

.85 

•75  .< 

>S    -55 

.46 

.38 

.39 

.30 

.12 

.05 

15 

1.29  1.151.03 

.92 

.81 

.71  .( 

)i    .51 

42 

.33 

.25 

.16 

Xh 

.00 

16 

1.2611.131.00    .88 

-78 

.67-. 

'9   .47 

.38 

.29 

.21 

.12 

.03 

-.04 

6X6X1 

n 

[.82 

1.421.30  1.19,1.09 

.99 

.89.* 

to   .7i;.62 

•54 

45 

.37 

,29 

.31 

*    ^H 

14 

1.391 1.27  m6  1.05 

•95 

•85.: 

r6    .66 

.57 

49 

40 

.32 

.24 

.16 

■ 

:i 

1.37  1-24  i-U 

1. 01 

-91 

.81,3 

r2    .62 

•53 

44 

.36 

.27 

•"9 

.11 

■ 

I.J5  1.33:1.10 

.98 

.87 

.78  .( 

>8    .58 

49 

40 

.32 

.23 

.14 

.07 

■ 

SX8XJ 

>7 

2.19 

I.48l.32!i.i7 

1.03 

■90 

.78 

.56 

.36 

•17 

—  .01 

-.33 

-^54 

■ 

18 

\1 

61.29,1.14 

1. 00 

.86 

74 

.53 

•3a 

."3 

-.04 

-•37 

-.68 

V 

8X8X1 

17 

2.23 

3  1^7,1.32 

1.19 

1.07 

•95 

73 

•53 

.34 

•17 

-.16 

-48 

^y 

18 

1.60144:1.29 
1.751.601.46 

i.M 

1.02 

.91 

.69 

% 

.10 

.12 

-.31 

-.5» 

8X8X1 

17 

3.38 

1-33 

1.22 

i.to 

.88 

.46 

.31 

—  .03 

-.36 

1 

18 

1.72  1.57!  1.43 

i.29|m7 

1.06 

.84 

.64 

% 

.27 

-.06 

-40 

J 

8X8X1 

«7 

2.32'i.85|i.7i  1.57 

1-45  »-33 

1.22 

1.00 

.81 

45 

.11 

—  .30 

J 

18 

;i.8l  i.67;i.53 

1.41  1.29 

1.18 

•96 

.77 

.57 

•^ 

.07 

-.25 

■ 

8X8X1 

J7 

2.J7  1.941-80  1.68 

1-55  1-45 

>35 

1.13 

•2* 

75 

.58 

.3S|-.o8 

H 

18 

1.90I  1.761 1.64 

1.511.40 

1.30 

1.09 

.89 

71 

.53 

.30  —.13 

1 

8XSXli 

t7 

2.41  3.021 1.89' 1. 77 

1.66  i.ss 

»-45 

I.2S 

I. OS 

.87 

.70 

.36       .06 

1 

18 

I.98|«^85I73 

1.62  1.50 

1.40 

I..0 

1.00 

.«3 

.65 

.32        .01 

1 

aofi 

i 

TABLE  89. 
Upset  Scsew  Eicds  fok  Sqcakb  Baksl 
ameucax  bux»ge  comtaxt  staxdakdu 


i 

vmrnr' 

■H 

I :::::::":q- 

Pkch  and  Shape  of  Tfarewl  A.  B.  Co.  Stmfafd. 

BAR. 

UPSET. 

Side  of 
Square 

d, 
lacha. 

Area. 

Sq. 
Inctea. 

Wcisfat 
Lba. 

DIuKtcr 

b. 

IndKa. 

Addkiaaal 
lociica. 

Diameter 

at 
Root  of 
Thicwl 

Area. 

Mttoat 

of 

Sq.  lacaea. 

Ekcm 

Onr 

Area  of 

M 

0.563 

I.9I 

li 

4 

0-939 

0-693 

23.2 

M 

0.766 

2.60 

II 

3l 

1.064 

a890 

16.2 

I 

1.000 

3-40 

1} 

4 

1.283 

1.294 

294 

li 

1.266 

4-30 

If 

3l 

1.389 

1.515 

19.7 

•  I 

1.563 

5-31 

■I 

4l 

4« 

1.615 

2.049 

31.I 

■i 

I.891 

6.43 

2 

4l 

4 

1.711 

2.300 

21.7 

I) 

2.250 

7.65 

2i 

5 

1. 961 

3.011 

34-3 

•J 

2.641 

8.98 

^\ 

A\ 

2.086 

3-4J9 

295 

«1 

3.063 

10.41 

2\ 

5i 

a\ 

2.I7S 

3.716 

21.3 

il 

3.516 

11.95 

ii 

5i 

5 

2425 

4.619 

3».4 

2 

4.000 

13.60 

t\ 

6 

5 

2.550 

5.108 

27.7 

2\ 

4.516 

15-35 

3 

6 

4i 

2.629 

5.428 

20.2 

2l 

5063 

17.21 

3l 

6J 

5l 

2.879 

6.509 

28.6 

ll 

5.641 

19.18 

3i 

7 

6i 

3- 100 

7.549 

33.8 

2h 

6.250 

21.25 

3i 

7 

7 

3.317 

8.641 

38.3 

2i 

6.891 

23-43 

3l 

7 

Si 

3.3>7 

8.641 

254 

»1 

7.563 

25.71 

4 

7J 

6i 

3567 

9.993 

31.1 

2j 

8.266 

28.10 

♦I 

8 

7\ 

3.798 

11.330 

37-1 

3 

9.000 

30.60 

4J 

8 

6 

3-798 

11.330 

25-9 

3) 

9.766 

33.20 

4i 

8i 

7 

4.028 

12.74" 

30.5 

3i 

10.563 

35-9t 

4l 

8J 

7\ 

4.25s 

14.221 

34.6 

Up« 

ts  marked  *  are  spec! 

>l. 
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^^H 

^^HHipm 

^M 

^ 

TABLE  90. 

^^^H 

^^^^^^ 

Upset  Screw  Ends  for  Rouvd  Bars." 

^^H 

^T 

• 

AMERICAN    BRIDGE    COMPANY    STANDARD. 

^^^ 

■ 

< 

'MtVvMi 

iiiiiii 

- 

■•       ■ 

> --0- — -■*! 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard. 

BAR. 

UPSET. 

I>vuncttT 

A. 

Inches. 

Am. 

Sq. 

Inches. 

Welcht 

()er  Foot. 

Lb. 

Diameter 

b, 

InchM. 

Lensth 

a. 
lacbea. 

Additional     Diameter 

Am. 

forUpiK 
-fio%. 

Incbet. 

of  Thread 
locfaea. 

At  Root 

oflhrcad, 
.Sq.  Inches. 

Exotm 
Over  Araa 

of  Bar.  %. 

*  2 

0.442 

1.50 

I 

4 

0.838 

0.551 

H-7 

•  I 

0.601 

2.CH 

li 

5 

1.064 

0.890 

48.0 

0.78s 

2.67 

i| 

4 

1.158 

1,054 

342 

0.994 

3.38 

li 

4 

1.28} 

1.294 

30.2 

1.227 

4»7 

M 

4 

1.389 

I.515 

ns 

1.48s 

S.05 

ij 

4 

1.490 

1-744 

17-5 

1.767 

6.0I 

2 

4i 

4i 

1.7" 

2.300 

30.2 

1.074 

7-05 

2i 

4i 

4 

1.836 

2.649 

27-7 

2.405 

8.18 

^\ 

4 

t.961 

3.021 

35.6 

Z.761 

939 

3| 

4 

2.0S6 

3-419 

33.8 

3.142 

10.68 

z\ 

5l 

4 

2.175 

3.716 

18.3 

• 

3-547 

I2.o6 

tl 

5l 

34 

2.300 

4.156 

17-3 

3.976 

13.53 

2} 

6 

44 

2.550 

5.108 

38.4 

4-430 

ISX)6 

3 

6 

44 

2.629 

5,428 

22.5 

4-909 

16.69 

3i 

6* 

5i 

2.879 

6.509 

33.6 

k 

5-411 

1S.40 

3} 

61 

4i 

2.879 

6.509 

30.3 

5.940 

20.19 

3i 

7 

5i 

3.100 

7-549 

27.1 

6.493 

22.07 

3! 

7 

6 

3-3»7 

8.641 

33.1 

7.069 

24.OJ 

Jl 

7 

5 

3-3<7 

8.641 

22.2 

7.670 

26.08 

4 

74 

6 

3567 

9.993 

30.3 

3l 

8.296 

28.21 

4 

7* 

5 

3567 

9993 

20.5 

8.946 

30.42 

4l 

8 

54 

3798 

11.330 

36.6 

9.621 

32.71 

4i 

8 

5 

3.798 

II.JJO 

17.8 

10.321 

35.09 

4\ 

81 

54 

4.028 

13741 

33.4 

11.045 

37-55 

4i 

8i 

6 

4255 

14.221 

38.8 

3l            Ji-793 

40.10 

4i 

81 

5I 

4.3SS 

14.331 

30.6 

Uptcu  marked 

•  arc  special. 
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^^^ 
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TABLE  91 

Stascdakd  Ets  Bass 

Ameucax  Budge  Coicpakt  Stamdakds 


Oii>i3GART  Eve  BAltS 


ADJCSTAMA  £tE  RkMS 


Bam 


Tbkk- 


^ 


10 


ll 


li 


;l 


Haad 


7 


7 
•  7I 


ri 
•  11 


[1 


171 


18 

♦jo 


10 
♦21 


36 

•37J 


Mu<  Pin 


1 


i 


a 


37-s 


40.0 


41,7 


37S 


3S-0 


37-S 


357 


37-5 


10 

Hi 

!3_ 

li 

U 

iL_ 


38.9 


35-0 


37-S 


35-7 


37-S 
34  4 


Add.  UaCerial  A, 


Ic, 


;5^ 


1-  o 
I-  4 


t-  3 
I-  7 


I-  6 
i-ii 


1-11 

*-  3 
1-  B 


I-  I 

1-  B 
3-  3 


1-  4 
X-  6 


I"  7 
i-u 
1—L 


2-  8 
3-0 

3-  4 


i-it 

3-  7 


3-  S 

3  -9 

4-  I 


3-  3 


4-  3 
4-10 


4-11 

5-  S 


o-  7 

O-II 

''  4 


0-10 
1-  1 
t'  7 


I-  t 

1-  S 

I-IQ 


1-  6 
I- 10 

2-  1 


I-  S 

^-9 


I-IO 

Z-    I 

2-    8 


2-  1 

3-  6 
2-11 


^  3 
a-  6 
2-11 


3.-  6 
5-  1 


a- 10 
3-  3 


3-  3 

4-  I 


3-  9 

4-  4 


4-  S 
4-10 


HarH  marked  *  flhould  only  bc  ub«1  when  ab- 
solutely unavotdablc. 

Deduct  Pin  Hnlc^  when  figuring  weights. 


Bab 


2h 


*l 


■} 
If 


li 


14 


I 


A. 


4i 

i 


39.6 
iid_ 


I 


34-3 
41.6 

a39 


^3^ 

35-7 
446 


|6j 
24,1 

ill 


£5,S 

38.0 

33.* 

J2J_ 


36.9 

32.4 


25.9 

37.4 
29.3 
314 

35* 


i  * 


£5 


7i 


7i 


S 
Si 

H 
9 

TO 


Bars  hiHrkcd  *  ahould  only  be  used  wbeo  un- 
B  voidable. 

M  tnitn  um  kngth  of  sJiorC  eod  from  crn  tcr  of  ptn 
to  end  of  screw  if'-6",  preferably  j'-o". 
Thread  on  ahort  end  to  be  left  hand. 
Deduct  Pin  Hols  when  fixuiiog  wetsibts. 
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TABLE  92. 

Loop  Rods. 

american  bridge  company  standard. 


^r^ 


LHlTlnwl 


h-p- 


JL 


II f 

••*-»  For  r«iaUr;kW 

*■-* — i«— -— -Li.  Miiii«ii«Lei«th=4'T^-' 4- 


-- *i 


PItdi  and  Shape  of  Thread  A.  B.  Co.  Standard. 

Additionai.  Length  "A"  in  Feet  and  Inches  for  One  Loop. 

A  -  4.X7P  +  5*S9R. 


Oiam. 

DfPta. 
P. 


5 

•si 
5) 

•si 

6 

•6} 
•6J 


Diameter  or  Side  "R"ol  Rod  tn  Inclw^ 


9i 


' 

o-io 

> 

0-11 

■i 

I-  0 

2 

1-  1 

2^ 

I-   2 

24 
2} 

J-  J 

«-  4 

3 

»-s 

"31 

1-6 

4 

I-9» 

0-ioi 

I-  oi 
I-Ij 


I-  J 

>-  4 
>-  S 


I-  7 
I-  8 

1-  9 

i-io 

i-ii 

2-  o 
a-  I 

2-  si 


0-11 
O-IlJ 

I-  II 
I-21 

.-3} 

«-5» 

1-6J 

«-7l 
1-8J 
I-IO 

l-II 

3-  O 
2-    I 

2-  2 

a-  3 

a-  4 

3-  5 
1-6 

2-  7 


o-iii 

I-  o 
X-  I 
I-   2 

I-  3 

iil 
::^ 

i-io| 
i-iij 

2-3i 


2-  6 

2-  7 

2-  8 

2-9 
2-10 
2-1 1 

3-  o 


U 


I-  I 
1-  2 

I-  3 

»-  4 

»-  5 
I-  6 

»-  7 
I-  8 

1-  9 

i-io 
i-ii 

2-0| 

2-  ij 
2-   2} 

2-  3} 

H 

''^ 

2-IOj 

3-0 

3-  I 


«-4l 

I- Si 

«-  7 

I-  8 

1-  9 

i-io 
i-ii 

2-  o 

2-   I 

2-  2 
2-   3 

*-  4 

*-  S 

2-  6 


2- 9* 

2-IoJ 


i> 


4i 

l\ 
9i 


lOj 

"I 


-10 

■II 

•  o 
■  I 

1* 


"-  S 
I-  6 

I-  7 

1-  8 
t-9l 

i-io| 
i-iij 

n?| 

2-2I 

2-3} 

2    6| 

a-7l 

2-  9 
a-io 

2~I1 

1-  o 

3-  I 
3-  a 

3-  3 


I-  6 

1-7 

1-  8 

1-  9 
i-io 

I-II 

2-  o 

2-    I 

2-  a 

»-  3 

Hi! 

2-7J 

a-  8 
2-  9 

2-IOi 

i-iil 


;3 


3-3» 


i| 


I- 71 

::^ 

I-Il 

2-  o 

a-  I 
2-  2 
»-3 


»-  S 
2-  6 
a-  7 

a-  8 

2-9 
2-10 
a-iij 

3-oi 

nt 

5-3* 
S-4» 


i-8i 

i-9i 
i-to| 

»-ol 

a-  li 
2-2} 
a-  31 

i-4l 

2-  6 
2-  7 

2-  8 

2'  9 

a-io 
2-11 
3-0 

3-  » 

3-> 
3-  J 

3-  4 

3-  S 


Pint  marked  •  arc  ipedal.     Maximum  «hippinif  Icnpth  of  **L"  —  35  feet. 
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TABLE  93. . 

Clbvisbs. 

ambkican  bridge  company  standakd. 

All  dimensioiis  in  inches. 


=ic* 


Grip  -  thicknesB  of  plate  +  i' 


•a 

Head. 

2 

i 

D 

T 

3 

3 

4 

4 

5 

S 

6 

6 

7 

7 

Diameter 

of  Pin. 

P. 


Max.      Min 


W 


« 

, 

6 

M 

a 

1 

1 

1 

E 

F 

A 

3A 

ij 

S 

3i 

l} 

6 

4} 

2} 

7 

5i 

2} 

8 

6A 

3} 

9 

Dtametcr 

oCUpKt. 


Max.     Min.        N 


Not. 


11 


4 

8 

i6 

26 

36 


5? 


Clevis  Numbers  for  Various  Rods  and  Pins. 


Rods. 


Fina. 


Round.  Square.'  Upset. 


H 


>» 


>} 


31 


3l 


I| 


Qeviscs  to  be  used  with  the  Rods  and  Pins  given  above. 

Clevises  above  and  to  right  of  zigzag  line  may  be  used  with  forks  straight,  those  below  and  to 
left  of  this  line  should  have  forks  closed  so  as  not  to  overstress  pin. 
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^^^^^^^^^^^^^^                 94.    ^^^ 

■ 

■ 

^H 

^^^^^K                                                Tl^RNBUCCLES   AXD   SlE£VE    N'UTS. 

^^^H 

^^^^^H                                          AMEUCAN    BRIDGE 

COMPANY   STAND AKD, 

^1 

All  Dimensions  in  Inches. 

^ 

TURN  BUCKLES. 

SLEEVE 

NUTS. 

L.. 

[. — 1. 

— H 

rn 

C21^jcia;mj?^ 

te« 

■J^ 

l-^^r            U- 

A  -  6":  A  -  9^9  for  tarabucklw  marked  *. 

Pitch  and  ahape  of  thread,  A,  B.  Co. 

Standard. 

OUm. 
of 

Screw. 
U 

SUndard  DimauioiK. 

li 

Diun. 

of 
Screw. 

U 

Sundud  ENmenjiocu. 

II 

D 

.                        1                         i 

B 

lA 

II 

il 

lA 
•A 

2 

c 

t 

L 

C 

t 

G 

D 

L 

A 

B 

ft 
U 

7» 

7A 

7J 

7H 

7l 

81 

A 
i 

A 

i 

i 

A 

A 

H 

i 

I 

A 

J 

•1 

• 
1 

J 

A 

• 

• 

H 

■1 

3 



!• 

H 

H 

1 V 

«A 

■ 

li 

3 

...... 

iV 

7 

■  i 

li 

•i 

5 

3 

I) 

9 

lA 

A 

lA 

4 

I 

•i 

7 

li 

•i 
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ret 

\ 

M  -li'l 

1 

B 

i 

2 
1 

? 

10      11 

\      i 

l1 

'  1 

1 
II 

1 

L       c       6      7        6 
1       I       1       11 

Depih  oj 
Mai.  Ri* 

Be  Am 

t  ^ 

6 
I 

^ 

i     20    24 
1      1 

Depih  of  Channel 

■ 

t  \ 

6 

7 

8 

9 

10       13 

1 

1 

Mai.  Rivet 

1 

1 

i 

1 

1         1 

1 

Rjv^T  Sfacimg  r*  Ihcaiss. 

Minlmufn  Pitch. 

(Tax.  Pitch  ia  Line  of  Stms. 

IklijU  EdBf  DlA          i 

Sistof 

Max.  EdfF 

RivR. 

AUow«l- 

Pref tired. 

At  Emds  of 
Camp.  Mem- 

Brfdse* 

Bl 

d'0. 

Sbond, 

Rolled. 

Dict^ 

t 

I 
I 

3 

2 

It 

5 

6 

U-mM  mil 

6 

14 
■■ 
it 

I 

;l 

i 
I 

1! 
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TABLE   U7. 

Old  Standard  Connections  for  Beams  and  Channels. 

American  Bridge  Company. 


5ize    Two  AnOLt  CONNECTIONS 


24 


10 

ti 

18 


15 


12 


10 
9' 
8' 

T' 


Weiqht56[X)U(id5 


Weight  50  pounds 


• 
« 


Weiqht  ETpoundi 


:C;\. 


m 


Weiqht  ZOpounds 


;Si: 


Zl!  6x4x^6' 


jy-       Weiqht  14  pounds 


;3r: 


6W 


Weiqhllpnd^ 
Weiqht  bpounds 


OMEAHOLECONMECllOriS 


IL6)(6xpl-5i 
Weiqht  50  pnds 


"^ 

...  ,. 

■;-; 

;  #  • 

r-O  . 

vO 

;  *  • 

o  ■ 

00 

M 

\  •  * 

•^\ 

90 

w 

-^.'. 

...... 

6^ 

^^ 

IL6x6xifcAl-t! 
lNeiqhtE5pound5 


iiSi       3i2i: 


TI 
44^ 


kt*     ins- 


^^.  IL6x6x,ixlO' 
\  Wci^htllpund^ 


;?t?i;       Jiii: 


I" 


Weiqht  lipoimds 


fe»v 


■na;       Jrii: 


I L  6x6x76x5" 

Weiqht  9  pounds 


6&b 


ii2ii        iiii;'  4&i 


Weiqhl  J  pounds 

IL6x6xr6x£ 

Weiqht4pounds 


i"i 


Weiqhb  of  connections  include  qro5s  weiqbbof  anqles  and  weiqhlsof  i  shop  rivets 


386 


Bf,^^ 


itA^i^i^ 


AfJ^d^ 


4&^¥a' 


Locawp  VAUCBi  or  BK«a  CaaeacmBK. 


Valaaaf 


Lcpof 


FkUKnvta. 


tMfAh, 

W*kfce, 

la  ffarJowd 

Tamed  Bolu. 

Mm  fJkm- 

ableStmm 

c  • 

lm%0m. 

FvH, 

Isat 

PMDd«. 

F«t.            I*. 
UaifionLoad. 

«7 

«1 

//..Soo 

61.900 

!«-»         :    j 

*4 

f". 

67,500 

53000 

17-5         :    i 

*4 

57* 

52.700 

53»ooo 

16.3       !  1 

40.200 

44tK» 

t5-5           { 

k 

<*S 

45.000 

35.300 

17^        1  1 

Sj 

41.400 

35.300 

>3.3 

; 

^» 

29.000 

35.300 

iS-o 

\ 

41 

36,900 

35.300 

8.9 

^ 

3'''. 

36,000 

35.300 

ii.i 

v.\ 

33,600 

26,500 

8.1 

§ 

17.200 

36,500 

10.3 

lO 

25 

27.900 

17,700 

74 

lo 

32 

20.900 

17,700 

6.9 

9 

31 

26  100 

17700 

5-7 

K 

IH 

34300 

17,700 

4-3 

K 

i7i 

1H//D0 

17.700 

4-4 

7 

15 

11,300 

8,800 

6.2 

6 

•$i 

10,400 

8,Koo 

4-4 

5 

9.S00 

8,800 

2.9 

49^500 

4MOO 


35.500 
3«,500 
a8.)00 

3«,300 

28.J00 

18,300 

21,200 

21,200 

14.100 

14.100 

14.100 

14.100 

14.100 

7,100 

7,100 

7,100 


2S.I 

aoLa 

17^ 
21.1 
16.7 

"5-4 

II.I 

II.I 

9^ 

10.3 

9.2 

8.6 

7.1 

5-4 

5-5 

7.8 

\i 


At.MiWAMi.K  Unit  Stress  in  Pounds  Per  Square  Inch. 


Shear 


KjvriH Shop  12,000 

KivrtK  nnd 'riinicd  Holts  ,  Field  I0,000< 
RoukIi  Bolt* Field    8,ooo| 


Bearing 


Rivets — enclosed Shop  30,000 

Rivets — one  side Shop  24,000 

Rivets  and  Turned  Bolts  . .  .Field  20,000 
Rough  Bolts Field  16,000 


t  »\VH>  tliiikiicHH,  in  Ix-arinR,  to  develop  max.  allowable  reactions,  when  beams  frame 
opprmiti*. 

('onncxtionn  arc  finiircd  for  iM-aring  and  shear  (no  moment  considered). 

The  abovt!  valurH  aKnt*  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  encloMcd  U'tween  conne<-tion  angles  (enclosed  bearing),  values  are  greater 
because  of  the  imTcawd  rHiciency  due  to  friction  and  grip. 

Special  ccmnections  Hhall  l)c  used  when  any  of  the  limiting  conditions  given  above  are 
moecclcd — such  as  ^.^nd  n'aotion  from  loaded  l>eam  being  greater  than  value  of  connection; 
•bofter  span  with  Ix^um  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 
VMCttoQi  arc  ntf  ' 
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TABLE   119. 

Standard  Beveled  Beam  Consxctions. 
American  Bridge  CoypANV. 


Beyeied  3£AH  CoTffffcrms  -  P/ver  Spacing  S  Cuaj^ances 


W^j  or  less,  use  Standard 
conn^tfon  angles  (bent)- 


^'/s  ^^i»  ^^^  Special 
connection  angles  (bent)' 


For  large  dt/plkation  modify  these  details  t^here  necessary  to 
jser/nlt  machine  rlyetlng  •     7al>le  covers  plates  t/pto^  thick  - 


Omit  cut  P  where 

(a*yinl?j  or  less 
C'^''orless' 
F"^** or  less* 


a 

b 

M9X- 

c 

Max- 
w 

D 

£ 

H 

Length  oF  Bent  Plates 

L 

p 

Pr     1    pt 

Pi      /v 

F-tiptoi 

'F-5%4 

/' 

12' 

li' 

H' 

r 

li" 

li' 

2 

12 

^ 

'>, 

H 

3, 

re  notes  ab 

ore- 

li 

li 

li 

3 

12 

i 

li 

2i 

li 

z 

2i 

4 

12 

i 

li 

5i 

3i' 

2%' 

/o' 

Hi' 

10" 

12" 

li 

2i 

2i 

5 

12 

i 

li 

4- 

4 

£ 

// 

I2i 

lOi 

12 

li 

2i 

3 

6 

12 

% 

li 

4i 

4i 

3 

/2 

I3i 

11 

12 

li 

2i 

Si 

7 

12 

h 

li 

5 

5 

a 

l^i 

/4i 

Hi 

12 

Ik 

3 

Si 

S 

12 

% 

'i 

Si 

Si 

a 

13 

ISi 

12 

12 

li 

3i 

4 

$ 

12 

s 

li 

a 

12 

li 

3i 

4i 

10 

12 

h 

li 

3i 

I2i 

z 

4 

5 

il 

12 

£ 

li 

5i 

I2i 

2 

4i 

Si 

12 

12 

£ 

li 

3i 

I2i 

2i 

4i 

Si 

12 

11 

i 

i 

2i 

12 

li 

4i 

Si 

12 

10 

i 

i 

3 

12 

li 

S 

€ 

12 

9 

i 

i 

3 

12 

li 

Si 

6i 

12 

8 

i 

i 

3f 

12 

li 

6 

7i 

12 

7 

i 

i 

a 

I2i 

2 

6i 

Si 

12 

6 

i 

i 

3i 

I2i 

2i 

li 

10 

12 

3 

i 

i 

4 

IS 

2i 

9 

11^ 

12 

4 

i 

f- 

4i 

ISi 

H 

II 

14 
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TABLE   120. 

Standabd  Sway  Rod  Avn  Lateral  CoNNECTi6t«I 

American  Bridoc  Cumpany. 


5my  Rod  CONNtcrtONs- 


ir 


r.e' 


VL 


^ffl 


n  /^ :/ 


—MM'-Si' 


i 


6' 


,--V"'  u  ^-^ ' 

K' '4  For  upset  rods  &  rods  over  / J  roand  use  chvrses- 
^y  Specify  hexBgondl  nuts  on  all  sway  rods-      \S/ 
Softs  C3n  h^w  hexa^ooaf  or  s^usrv  he^ds  or  nuts 
fioie  for  rod  punched  j^" fsrger  than  rod' 
Podf  round fnot  apsetJ^So/ts^  or^ round-      Rod rroond(not upset), Bcits^ or ^ round- 
Rod  Z"  round  (not  upsec)p  Bo/ts^^orf  fwnd'    Rod  1^  roend(not  upset), Boits^" round 


•»  *■ 


A 

5 

5ize  of  Angle 

6 

R 

6%  12" 

S'tolZ' 

A 

5 

Size  oF Angle 

0 

R 

6'ttl2' 
12' 

6'*4''f,6i'long 

4' 

*;■ 

Beveled  Wafers,  Cast  Iron- 
12" 


12'  '.   j^  ^■^^,.....^.. 


1 

^ttch 

Round 
Rod 

Upset 

A 

B 

C 

D 

£ 

F 

6 

ff 

I 

yP 

X 

K 

Size  of  M 
in  Plate 

rounds 

A 

A 

8 
B 

None 
None 

>hi 

H 

H 

r 
/ 

f 

li 

% 

9 

At 

7i 

r 

i 

A 

r 

6 

2 
2 

4- 
5 

4i 
6 

li' 
'i 

M 
26 
25 
3S 

1  it 

For  rods  above  //  d/^m-  ase  ckvfs  connections- 
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TABLE   121. 

Standard  Lateral  Connections  for  Highway 
Am£RICan  Bridge  Comfaky. 

5^£pySAC/c  a"  Weight  6-8 lbs- 


Bridges. 


^ 


o 


fff.' 


//■?/?•  3?    .  32  Jill 


*_.y         5kewb9ck  A  For  rods  up  to  /j  round 
*Cj^?     <»"  is  s^are  (upset  to  I§  "round) ; 

for  upsets  /j  diaW'  or  iess^  ang/e 
oF  rod  mdy  vdry  From  32  (7^  in /Z") 
toeoUlZ^inS^")' 

For  upsets  greater  than  fg  diam-  up 
to  /g  d/3m'j  gng/e  oF  rod  may  vary  From 
4/i  r/OfinlB")  to  60^02" in  6^")- 


CLoFweb-^        'Radius- 5z 


Standard siot  in  beam  5->  ^6  - 


/' 


._  J! 


SKEwaACKd,  Weight  i? its- 

in\  -  -  X  5i:ewback  3  For  rods  i^  round 

fiyl       oris  square  (upset  toi^  rouncff; 
J /j  '*rouffd  (upset  to  //  round)  or 
°      \/f  square  (upset  to  2  "round-) 
For  upsets  ig  diam-  or  iess , 
:*L^<^^  angieoFrodmay  vary  From  33^ 
^p-     (8'ml2-)to  60'O2''fn6^/)- 
For  upsets  greater  t/jan  i§  'diam  * 
up  to  2  "diam  -,  angle  oF rod  may  vary  From 
58lY3^,'ini2'')to  60'(i2%6§> 
^Radius  ^4V  Standard  siot  in  beam  44  "S^  *• 


•i-' 


4-- 


o 


•      *       r  -  ■. 

^Ut.i-.t=^=« 

*       C'toFw^b^ 


5KEWBACK  C,  Weight  23  ibS' 

_         Sliewbacfc  C  For  rods  i^  round  or 
*^'      /v  square  (upset  to  2  "round); 

round  (upset  to  2jf  round)  or 


0 


-•f- 


<Vj 


4 
-"^i 


up 


HI 


'Pad/US' 4i 


square  (upset  to  2;^  round) 
Angie  oF rod  may  vary  From 

m  °00i  "in  12')  to  64i  '(12%  S^") 

For  aii  rods ' 

Standard  siot  in  beam  4  §""6^" 
Where  upset  end  oF  rod  is  greater 

than  2g  diam  ;  hole  in  washer  will 

be  drilled  to  Fit  upset* 


TABLE  122, 
SrjURhAXD  Latkbal  Ccanrmcnama  asd  Svcs 
AjcEJOCJur  BuDGft  CoKFJurr. 


Stub  End  N^h 
might  4-5  lbs- 

Holes  ^'dfsm* 


t:^     -...I 


i rounds  ?jt'^/ong 


MksoBf 
WughtO-SBs- 

fbx-hokfg 


ilk- 


fbU^'f" 


^MmthtkZj 


I 


fa 


STVBEmyN^2'     SnmDsf/f^s 
Weight5'SibS'       Mkight3'5&S' 


CooKRffrrcfi 


n 


Holes  ^'diam- 


4i- 


cwa 


n 

I 

1 

> 

*  ; 

'^\ 

1 

1 

Stub  £n£^  11^4^ 
l^fklglrt5'2IBs* 
Hate  4Hl3^*Am^ 

r  r  r  t" 


X. 


/  /w/wi  7j  long   jrotrnd,  7?  i^  /  rmmd,  B'fom- 
2Hex-NutS'fTap'  2H€xNats-i'^  ZHexMst^ 
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TABLE   123. 

Standard  Lag  Screws,  Hook  Bolts  axd  Washers. 

Aeewcan  Biuuce  Company. 


La6  Screws 


Length 


M— 


Dimneter 


Qmm 


l6 


Mm- 
Ungtb 


I 
li 

/i 


li 
/i 

H 
z 

2 

?i 
3 
3i 
5 
€ 
8 


Max- 
Length 


per  inch 


6" 

6 

8 
10 
12 
12 
12 
IZ 
12 
iZ 

iz 
iZ 


Length  oFlsg 
Screw  &  Head 


Ungth 


GfScRVf^FHead 


2 

2i 

3 

3i 

4 

4i 

3 

6 
7 
8 
9 
10 
II 
12 


L&M 


I" 

I 

z 

2i 
Zi 

H 

5 

H 

% 


Me3ds  3re  tM  S3me  3S  fbrsgu$r^  hixl  bolts 
Thr^adei^portfonhrTot  tapered acfpt^poeii 


Beam  Clamp 
t  Cored  Hok 


\  B 


Size 
*  Bfam 


C 


Sk^^l 


.5 

'l? 


18 
15 
12 

sm 

^&^li 


Omiensions  ofCktnp 


8 

7 

2 

i 
i. 

4 

s 


D 


W^f'ght 
In  lbs- 


04 
0-4 
04 
0-4 
0-3 


06££  Washes 


^     xecess  /cv  nail  lock  •     ^  V 


She 

Bolt_ 

f 

i 


D/mtns/ons  oF  Washer 


3 


if 


f  ye 


Weight 
if}  Pounds 


04 

0-7 
t'O 


5k£WBACK  Wa^eps 


M 


t¥ 


ii" 


Dirrmtsiom  of  Washers 


4' 
4i 


/i 


2 

H 


^r 


zr 


r 

/ 

/ 


3.^ 


4i' 

4§ 


Weight 
in  Pounds 


1-2 
H 
ZS 


Z-7 
i-3 


Hook  Bolts,  ^  'or}  Sfusre^ 


^^4-4:4 


5SL;  all  other  dmansnus  are  standard 
Unless  otherwise spedFied^** mil 
be  made  j^*-  Hex-  m/ts  famished- 


CAsrI/m  Cup  Washei^s^' 


Wt-l-ilbs 
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TABLE  124. 
Weights  of  Washers  and  Track  Bolts. 


Weicuts  or  Las  Scjsws. 
Potindd  per  Hundred.    (Kent" i  Pocket-boo^.) 


Diain^ 


LetiEth,  Under  Head,  la  IncliOL 


Eg, 


li 


6.8S    7.50 
11.75 


3k 


3| 


12.63 
i7,i8]t8.Q7ji9.i8 


3h 


4l 


5) 


9.25I  9.62  10.S2  ll.50li3.3t  l4,Si  16.50117,37118.82 
12.SSji5.28  16.61  iS.i8[iS.8S  19.50.21.25l23.56l 

34.0P;*6.8ai8.35  3Q,37  33.68  35. J7| 


_.  .         ...-,.-..,,...     ,...,,38-94 

35.a8[39.aSJ4i.62i47.75  5i.6ijS5.i2;6i.88 

64.00j67J8.71.37  79.  J7S6.62  92.75 


44-37 

68.75 

97'SO 


77.00 
108.75 


90.00 
124^75 


For  American  Bridge  CompaDy's  Standard  Lag  Screws  see  Tabic  123. 


Wkovcvt  lion  Oft  Stekl  Px^tv  Round  WASHnts. 


Dtan, 


In, 


II 


Hole. 


In. 


A 


Tblck- 

wtvs 
B.W.C 


No. 


Botl. 


Id. 


Nqm- 

bur  in 

j!Cio  Lb, 


85200 
34S00 
26200 
1+400 
8400 
5S00 


Dlam.l  Hole. 

I 


1| 

2 


la. 


Thick- 
lien 
B.W,C. 


No. 


Bolt. 


In. 


f 


N  am- 
ber In 
300  Lbn 


4600 

2600 

2200 
1600 
IIOO 
fiS8 


Dtunn 


id. 


Hole. 


la. 


Tliiclt- 

nntt 

B.W.G. 


No. 


Boti' 


In. 


berin 
300  Xb. 


90a 
600 

460 
4p 

3-^ 


STAllDAlm  CASt,  O  G  Waabecs, 


Djbtq. 
Df  Bolt. 


u. 


Bat  torn 
Diam, 


Top 
DLiun. 


In, 


In. 


2} 


Hole. 


In. 


Thkk- 


In. 


5 


> 


Wdcht. 


Lb. 


;i 


Dam. 
of  Bolt. 


IB. 


Bottom 

Dtajn. 


7i 

81 


Top 

Dlaxa. 


In. 


Mole. 


In. 


if 

'1 


Tbkt^     VVdtbt 


In. 


Lb. 


5* 

6 

9\ 
I7i 


Tuck  Bolts, 
WtUi  Uidtcd  States  SUmdard  Kexa«tni  Nuti. 


Lb. 


45tfl8S 


la. 


ml 

i^3i 


;e 


la,;^ 


he  a  MJ" 


Ti  130.6.^ 
li  24060 

!i  :J>4iS  7 
li  2605.5 

li  i366|54 


0^ 


Lb. 

45  to  85 

30  to  40 


In. 


In 

I"! 


, ■":g  ^- 

In.  Z     I 


ic 


iJ  agj5.i 
iiV373  4-c> 
iA4«Q  J-7 
JA  4J5  3-3 
I A  4^5  3- J 


Lb. 


:o  to  30 


S:^ 


In.  >^ 

I  715 
1  760 

I    SOO 

I    .&20 
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TABLE  125. 

Weights  op  Steel  Wui£  Nails  and  Spikes. 

AuERicAN  Steel  and  Wire  Co, 


I 


STANSAitD  Snn.  WixK  Nails  and  SPtcas. 
Sizes,  LengihM  and  Appnudmau  Number  per  Poimd. 


MiscKij.A}4Eous  Stul  Wiu  Nails. 
Approidoiate  Number  per  Pound. 


.j6a 
J3I 
-i07 
.a  4  J 

-aftj 

.244 

.aj5 

.207 
.102 
.177 

.i6a 
.I4» 
.IJJ 
.ISO 
.105 
.OP2 
jtOO 
.072 
.o6j 
^54 
.047 
.041 
.OJS 
•03  2 
.028 


Length  in  Inchei. 


jii 

U7 

aoo 

J45 

8a  J 

1072 
1420 
I7sa 

aa8o 
3116 
4138 

SJ34 
7S0O 
8888 

11428 


169 
197 
330 
375 
3il 
y>-} 
50a 
658 
8S7 

nj6 
140a 

t828 
3495 
3JI" 
4a67 
6000 
7111 
9143 


i 


100 
120 

141 
164 
200 

2»g 
376 
333 
4)^ 
S48 
7<4 

MAS 
IS23 

2077 
27S» 
3556 
SOOO 

7618 


57 

65 

76 

00 

to6 

133 

I4fi 

172 

ao7 

248 

314 

411 

SJft 

710 

B76 

1143 

I  $58 

2o6q 

2A6T 

J750 


il   i| 


28 

33 

38 
45 
5a 

60 

7a 
85 
W 
120 
137 
16s 
ig8 
asi 
jao 

568 
701 
913 
1246 
165s 
2133 
3000 


a? 
33 

44 

SO 

60 

71 

»i 

100 

MS 

138 

ifts 

274 
357 
47J 
5«4 
76 1 
1038 
1379 
1778 


l| 


20 
33 

a? 
3a 

3; 

43 

SI 

60 

7t 

95 

98 

IlB 

142 

179 

235 

306 

406 

300 

653 

890 

l8i 


ai 


\i 


3l 


10 
13 
M 
16 
19 
22 
36 
30 
35 
43 
49 
59 
71 
90 
tl7 
I5J 


4l 


6 

7 

B 

6 

4i 

s 

6 

3 

B 

10 

II 







>9 







— 



— 







— _, 

^ 


W.ftM. 

G«UB>. 


IS 


II 


These  apprmdiiuite  numben  are  ui  avomie  only,  ami  thr  fiipimi  itivm  may  be  varied  ellbcr  wmy,  by  dumaca 
In  tbe  dUncfuU>iu  o(  beads  or  points.  Brads  and  no-hpad  nnili  will  have  more  to  ttic  pound  thiin  Uibic  atunn, 
and  Uf|«  or  tlUclE-headed  naUa  will  have  less. 
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TABLE  126. 
Weights  op  Nails  and  Spikes. 
From  Cambria  Steel. 


Cut  SnxL  Kails  akd  Spikes. 
LensUis  smd  Ai»prcudmaip  Number  per  Found, 


3d 


4d 
5d 

bd 

7d 
Sd 
od 

[Od 

Tjd 

[6d 
7ad 
z^d 
30d 
4od 
sod 


740 


400 


160 

180 

135 

100 

So 
6E 

4B 
40 
34 
34 


u 


350 
JOO 

104 

76 


4» 

914 
ISO 

It>7 

&a 
70 

38 


So 
50 
51 

^8 

» 
IB 
16 


II 

9 

7| 

fi 

Si 

5 


7SO 
60D 

£«» 
4SO 

a  to 


304 


"4 


34a 


3S0 


9«l 


Jj5 


1461 
XJOO 
IlOD 

6sa 


3 


960 

ISO 
600 


tncm. 


07 
A3 
6S 

48 


T4 
62 
5« 


;> 


S^mle. 


Sbe. 

A" 


jOOO 

I66Q 


3J75 

ijAo 
1140 


SqUaU    BiMT    SptCSS. 

Approximate  Number  In  a  Kck  of  Joo  Pouoda. 
LtnicUt  of  SpJite— Inches, 


rasa    iSiS 


ii3o    ins    WO 


s 

»So 
600 

M 

10 

Si«. 

0 

7 



60a 
450 

Siw 
3TS 

535 

475 

Sitt   4DO  '360< 
335  J3M  1 275 

360     34a  \230 


3»  'JO 
305    19a 


175 


16 


16a 


Railroad  Sphc^. 


Head. 


[ncheti- 


5lX| 

5iXA 
5  XA 
5  XI 
41  Xk 
4   XI 


AvtfmRC 

Number 

per  Kee 

or  aoo  Lb, 


300 
375 
400 
450 

5  JO 

600 


Spike*  per  Mile  of 

SinKlc  Track. 
Ties  3  Ft.  c.  to  c, 
4  Spjku  per  Tit. 


T*amirl9. 


704a 
5870 
S170 
466Q 
3060 
3530 


KCKB. 


35i 

33I 
» 
■  7l 


Riiil  Used, 

Weight 

pcf  Yard* 


pound*. 


75  to    lOQ 

45   -     75 
35   "     40 


^ic  Under 
Head. 


Inchc*- 


4lXA 
4    XiV 
3|XA 
4    XI 
31  XI 
3    Xl 
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Avcnkge 
Number 
per  Keg 

of  2D0  Lb. 


iipo 

1340 


^kes  per  M»e  oF 

Sinilc  TiBct, 
Tla  1  Ft.  c.  to  c. 
4  ^lika  pcf  Tie. 


fV>uiidi- 


31 » 

fOfO 

?35(l 

moo 

1784 

tftO 


Keti- 


Rail  Uied. 

Wrifiht 
per  VanJ. 


Pound*. 


n*  to  3q 
10  "  JO 

16  -  *s 

16  "  as 

16  "  aa 

16  "  *fl 


^ 

■ 

^^^^^^               TABLE  tn.        ^^ 

^M 

, 

Vm — Black  an-d  GALVAKKSife. 

^M 

1 

STANXUJtD  Ptrt 

^      , 

t,lat^t±. 

yq^i«ryw». 

^    ,-. 

fa- 

EsonL 

JmamaL 

per  Iv^ 

1 

^  dSl 

1 

^as^ 

i 

-405 

J69 

•HI 

-^5 

17 

-562 

I 

4W9 

\ 

S¥> 

364 

jM 

AH 

-P5 

l« 

.68s 

^3 

i 

^S 

-«99 

J>9t 

•S67 

.568 

18 

.848 

JOiTO 

1 

-«#<> 

j6a3 

.109 

Ssa 

-85a 

H 

IJQ14 

.116 

\ 

u>SO 

J14 

.113 

IIJO 

1.134 

»4 

taSi 

J09 

I 

1.315 

1^549 

-ns 

U678 

iMi 

111 

1.576 

"M3 

li 

1^360 

1.380 

.140 

4J7a 

1^1 

iii 

1-950 

'535 

l\ 

1.900 

1^10 

"45 

»-7i7 

2.731 

til 

1.218 

•743 

1 

a-575 

24167 

-«54 

3.652 

3-67« 

"1 

2.760 

1.208 

^ 

1.875 

M69 

.J03 

5-793 

5.819 

8 

3.176 

1-710 

% 

3.500 

yjo6B 

.S16 

7-575 

7.616 

8 

3.948 

>498 

1 

y\ 

4.000 

3-54« 

.126 

9-109 

9.ao2 

8 

4-S9« 

4-Hl 

1 

4 

4'S«> 

4.026 

-i37 

10.790 

to.889 

8 

5091 

4.741 

1 

4ft 

5x00 

4.506 

"I47 

12.538 

1 1.642 

8 

5591 

5»4l 

1 

5 

5-563 

5-047 

.258 

14-617 

14.810 

8 

6.396 

8.091 

6 

6.6J5 

6065 

.280 

18.974 

19-185 

8 

7358 

9.554 

7 

7.615 

7-023 

.301 

J3-544 

23.769 

8 

8.358 

10.931 

8 

8.625 

8x71 

•*77 

14.696 

25.000 

8 

9-358 

1390$ 

S 

8.625 

7.981 

.322 

28.554 

28.809 

8 

9.358 

«3905 

9 

9.625 

8.941 

.342 

33907 

34-188 

8 

"0.358 

17.436 

lO 

10.750 

10.192 

■a79 

31.301 

31.QQO 

8 

11.731 

6» 

29^877 

lO 

10.750 

10.136 

.307 

34'»40 

35.000 

6 

11.721 

6| 

19.877 

to 

10.750 

10.010 

■365 

40483 

4I.I3* 

8 

11.731 

6i 

19.877 

II 

11.750 

11.000 

■375 

45557 

46.147 

8 

11.721 

6» 

33.550 

12 

12,750 

11.090 

■330 

43.773 

45.000 

8 

13958 

61 

43098 

.■ 

12 

12-750 

I3.QOO 

.375 

49.561 

50.706 

8 

13.958 

H 

43.098 

») 

14.000 

I3JSO 

•375 

54-568 

55.814 

8 

15.108 

6i 

47«SJ 

14 

15.000 

14.250 

375 

58-573 

60.37s 

8 

16446 

61 

59495 

IS 

16.000 

15.150 

•375 

61.579 

64.500 

8 

17.446 

6i 

<S3J94 

1 

F 

r 
r 

the  CO 

A 
dciire 

"he  pcrmiM 
urniBhcd  w 
'apcr  of  ihr 
"he  weight  | 
uplinjr,  but 
II  wxiRhti 
d  inu&t  he  1 

ble  variation  in  weight  ij  5  per  cent  above  and  5  p< 
th  threads  and  couplin[?s  and  in  random  lengths  lu 

eadft  is  \"  diameter  per  foot  leaeth  for  all  lizcs. 

)cr  foot  of  pipe  with  threads  ana  couplinn  is  baaed 
shippin?  lengths  of  small  sizes  will  usually  average 

and  dimensions  arc  nominal.     On  ai*c«  made  in 
pccificd. 

-f  cent  below. 

less  oihcrwiM  ordcret 

on  a  length  of  10  feet 
I«s  than  JO  fret, 
more  than  one  weigh 

iniluding 
t,  weight 

:m5 

TABLE  m.—CamUmmtd. 
Pipe — Black  axd  Galtaxizbp— CoMclnded. 

XATI05AL  TUBE  COSCPAXT  STAJCDAUk. 


1 

Emu  Stkoxg  Fife. 

DoLia.F  ExTKA  Stboxg  Pipe. 

Site. 

In 

Dnznetcfa, 
iDcfae*. 

IndK*. 

per  Foot. 
Poandft. 

Sne. 

Im. 

Da^m^ 

Tlnck- 
iMtea. 

Wcicfat 
per  Foot. 

FtoODdl. 

ExtcmaL      IntcntaL 

Fbin 
Ends. 

ExtemL 

iMcnaL 

Ffcun 

EDdS. 

-40; 
^40 

.215 
.302 
^3 
.546 

.095 
.119 
.126 

-147 

.3H 

.535 

.738 

1^087 

1 

I 
l\ 

.840 

1^50 

'HI 

1.660 

.252 
-134 

-599 

•294 
.308 
-358 
.382 

1. 714 
2-440 
3-659 
5.214 

il 

ix>50 

'111 
1-660 

1.900 

.742 

•957 

1.278 

1.500 

.154 

."79 
.191 

.200 

M73 

2.996 
3.631 

2 
2| 

3 

1.900 

3-500 

I.IOO 

1.503 

t-77« 
2.300 

6408 
9^29 
13-695 
18-583 

2 

^1 

2.375 
2.875 
3-500 
4.000 

1-939 
2-323 
2.900 
3.364 

.218 
-276 
.300 

.318 

5 -022 

7-661 

10.252 

12.505 

3i 

5 

4.000 
4-500 

5.000 

5-563 

2.728 
3.152 

4.063 

.636 

•674 

.710 
.750 

22.850 

27541 
32-530 

38.552 

I 

7 
8 

9 

lO 

II 

12 

"3 
"4 

4-500 
5.000 

7.625 

8.625 

9.625 

10.750 

11.750 
12.750 
14.000 
15.000 

3.826 
4.290 
4-8x3 
5-761 

6.625 

8.625 
9.750 

10.750 
11.750 
13.000 
14.000 

•337 
•355 
-375 
-432 

.500 

.500 
.500 
.500 

.500 
.500 
.500 
.500 

14-983 
17^11 
20.778 
28.573 
38XH8 
43.388 
48-728 
54-735 
6ox>75 

65-415 

72-091 

77.431 

6 

6.62s 
7.625 
8.625 

4-897 

l!75 

6.875 

.875 
.875 

53.160 

63-079 
72.424 

Furnished  with  plain  ends  and  in  random  lengths 
unless  otherwise  ordered. 

Permissible  variation  in  weight,  for  extra  strong 
pipe,  5  per  cent  above  and  5  per  cent  below. 

For  double  extra  strong  pipe,  10  per  cent  above 
and  10  per  cent  below. 

AU  weighu  and  dimcnsioiu  are  nonunaL 

'5 

16.000 

15.000 

.500 

82.771 

Large  0.  D,  Pipe. 

1 

- 

Weight  per  Foot,  P&unds. 

Thickness.  Inches. 

i        1       A 

1 

A 

\ 

A 

1 

I 

i 

X 

14 
15 

16 
17 
18 

36.713 
39383 
42053 

44723 
47-393 

45.682 
49.020 
52-357 
55-695 
59.032 

54.568 
58.573 
62.579 
66.584 
70.589 

63.371 
68.044 
72.716 

77.389 
82.061 

72.091 
77.43 » 
82.771 
88.111 

93-451 

80.726 
86.734 
92.742 
98.749 
104.757 

89.279 

95-954 
102.629 
109.304 
115.979 

106.134 
114.144 
122.154 
130.164 
138.174 

122.654 
132.000 

Hi-345 
150.690 

160.035 

138.842 
149.522 
160.202 
170.882 
181.562 

20 
21 

22 

\t 

28 
30 

65.708 
69.045 
72.383 

78.599 
82.604 
86.609 

94-619 
102.629 

91.407 
96.079 
100.752 
1 10,097 
119.442 

128.787 
138.132 

104.131 

109.471 
U4.811 
125.491 
136.172 

146.852 
157-532 

116.772 
122.780 
128.787 
140.802 
152.818 

129.330 
136.005 
142.680 
156.030 
169.380 

182.730 
196.081 

154-194 
162.204 
170.215 
186.235 
202.255 

218.275 
234.296 

178.725 

202.923 

164.833 
176.848 

Furnished  with  plain  ends  and  in  random  lengths,  unless  otherwise  ordered. 
All  weights  and  dimensions  arc  nominal. 
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^H 

TABLE  128.                 ^^^^ 

■ 

^M 

^^^^Hjjjl^l 

Standau)  Gages.    Compakati\'e  Table. 

^^1 

C 

AKXF.r.re  Steel  Co. 

Number. 

Thkknem  in  Decinali  of  u  Inrti. 

1 

HI 

Pll 

^    1 

1       = 

u 

ii 

^B 

United  St 

Sheet 
Iron  1 

<l 

r°i 

1-5 

i¥ 

If 

r 

gOOOQOO 

.500 

-46875 

4375 

40625 

-375 

S! 

.nxi        

.464       

.500 
-454 

.516500 
460000 
40964* 

4305 
-3938 
.3625 

450 
400 

.360 

J.t2          ,™ 

400                

ooo 

T^^              ■  ■  ■     ■ 
"2 

5000 

' 

oo 

.jto 

■34375 

-364796 

•33  "o 

-330 

.348 

39^4 

o 

.340 

.3125 

.324861 

.3065 

.305 

•324 

I 

.300 

.28125 

^89297 

.2830 

.285 

.300 

353* 

^H 

I        « 

.184 

.265625 

.257627 

.2625 

.265 

.276 

3M7 

^H 

I       ^ 

.259 

•25 

.»294a3 

■«437 

■245 

ast 

2804 

^H| 

1            4 

.sj8 

-234375 

.204307 

.1253 

MS 

•232 

2500 

^F 

1 

.220 

.21875 

.181940 

.2070 

MS 

.213 

"2^ 

H 

.203 

.205125 

.162023 

.1920 

.190 

.192 

1^1 

H 

7 

.180 

.1875 

.144*85 

.1770 

•"75 

176 

1764 

H 

8 

.165 

.171875 

.128490 

.1620 

.160 

160 

1570 

■ 

9 

.148 

.15625 

.114423 

.1483 

-^45 

■♦1 

1398 

■ 

lO 

U4 

.140625 

.101897 

.1350 

.130 

128 

1250 

1 

■ 

II 

.120 

.125 

•09074* 

.1205 

.1175 

116 

1113 

1 

u 

.109 

.109375 

X)8o8o8 

.1055 

.105 

104 

0991 

1, 

H 

«3 

-095 

-09375 

.071962 

.0915 

^ 

092 

0883 

'i 

B 

H 

^3 

.078125 

.0640S4 

xjRoo 

,080 

0785 

1 

H 

15 

xrri 

.0703125 

x»57o68 

.0720 

.070 

^2 

0699 

1 

H 

t6 

.065 

.0625 

u>5082l 

J0625 

.061 

056 

0635 
0556 

H 

«7 

^58 

.05625 

-045257 

-0540 

•0525 

K- 

i8 

-049 

•05 

X)40303 

.0475 

•04s 

048 

049s 

H 

19 

-0+2 

•04375 

x>35890 

.0410 

.040 

040 

0440 

H 

ao 

•035 

•0375 

.031961 

.0348 

.035 

036 

039* 

H 

SI 

X>32 

•034375 

xa8462 

•0317s 

.031 

032 

0349 

■ 

IX 

^28 

-03125 

-025346 

.0286 

.02R 

028 

03125 

H 

»3 

.025 

.028125 

XH2S72 

.0258 

.025 

024 

02783 

1 

24 

xm 

.025 

.020101 

X)230 

.0225 

022 

02476 

H 

^ 

^20 

X32I875 

.017900 

^0204 

.020 

020 

02204 

H 

Aifi 

.01875 

.01594* 

.0181 

x>i8 

018 

01961 

■ 

i7 

.016 

-0171S75 

.014195 

.0173 

.017 

0164 
AI48 

*H745 

38 

.014 

.015615 

^12641 

^162 

J0t6 

01562s 

ag 

•013 

.0140625 

.OII2S7 

.0150 

.015 

^136 

0139 

30 

X)I2 

.0125 

.010015 

x>i40 

.014 

AI24 
0116 

0123 

1 

31 

.010 

•0109375 

.008928 

J0132 

•013 

Olio 

3> 

XW9 

.01015625 

x»7950 

.0128 

.012 

0108 

0098 

33 

.008 

-<»9375 

.007080 

.0118 

.011 

0100 

0087 

34 

.007 

•00859375 

.oof'305 

.0104 

.010 

0092 

0077 

?l 

x»s 

.0078135 

.005^11; 

■oof>5 

.O0CJ5 

008x 
0076 

0069 

,■ 

.004 

.00703125 

.00^000 

.0090 

.009 

0061 

37 

^006640625 

•004453 

xkSs 

.0085 

xx>68 

0054 

38 

jO062$ 

-oo39<i5 

wOOSO 

x>oS 

0060 

004H 

39 

4P 

-O0353t 
.003144 

^75 
X)070 

.0075 
.007 

0052 

0048 

Vn\rA^  0 

tbcrwiw  ■! 

pccificfl,  all  ordc 

n  in  g«gc«  will  be  executed  to  Binnin 

gbam  ^Ire 

Gave. 
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TABLE  129, 

Standard  Gages  and  Weights  of  Sheet  Steel. 

Ca&negie  Steel  Co. 


UNITED  STATES  STANDARD  GAGE 

For 

Shsst  and  Plats  Stkxl. 

Thickness 

Thickness 

Weight  per 

Thickness 

Thickness 

Wdchtper 

Gage 

in 

in 

Square 

Gage 

in 

in 

Square 

Number. 

Fractions 

Dedinals 

Foot,  in 

Number. 

Fractions 

Ofclmals 

Foot,  in 

of  an  loch. 

c^  an  Inch. 

Pounds, 
Steel. 

of  an  Inch. 

oCan  Inch. 

Sted. 

i 

.5 

304 

17 

- 

.05635 

3.395 

oooooo 

ft 

-*687S 

19.135 

18 

V 

.05 

1% 

ooooo 

A 

^7S 

17-85 

19 

M* 

.04375 

30 

TC 

.0375 

1-53 

OGOO 

y 

4063s 

16.575 

ooo 

J7S 

15.3 

21 

^ 

.034375 

14035 

00 

8 

^4375 

14.035 

32 

Jf 

.03I3S 

X.37S 

o 

^"5 

13.75 

23 

ah 

.028115 

X.I47S 

34 

^ 

.025 

1.0a 

I 

A 

.38135 

11475 

2 

u 

.265635 

10.8375 

35 

>{* 

A21875 

.8935 

3 

^ 

.35 

10.3 

36 

n« 

.01875 

.765 

4 

*« 

.334375 

9.562s 

37 
38 

A 

.0171875 
.015625 

.70135 
^75 

5 

Jt 

.21875 

8.92s 

6 

If 

.303125 

8.2875 

39 

vf* 

W0140635 

.57375 

7 

A 

.1875 

7.65 

30 

V 

J>125 

.51 

8 

II 

.171875 

7.0125 

31 

^9 

.0109375 

-44635 

33 

lilt 

.01015635 

4x4375 

9 

.15625 

6.375 

10 

A 

.140625 

S.7375 

.33 

«ly 

.009375 

.3835 

II 

1 

.125 

5.1 

34 

lU* 

.00859375 

.3S063S 

13 

* 

■1O0375 

4462s 

35 
36 

iti 

.0078135 
J>0703135 

.3x875 

jr«6875 

13 

S 

.09375 

3.82s 

U 

.078135 

3.1875 

37 

lib 

4)06640635 

.3709375 

{? 

* 

.0703135 
J1625 

2.86875 

a.ss 

38 

lis 

WOO635 

•355 

BIRMINGHAM  WIRE  GAGE. 

Equivalznts  m  Inches. 

COKRBSPONDmC  WEIGHTS  OF  FLAT   ROLLID  StXSL. 

Gage 

Thic 

kness. 

Pounds 

Gage 

Thickness, 

Pouoda 

Number. 

In( 

:hca. 

^          '^'^r^ 

Number. 

Inches. 

per 

Square  Foot. 

Square  Foot.      | 

»54 

18.5233 

17 

.058 

3J664 

ooo 

♦25 

17.34 

18 

.049 

1.9993 



19 

J042 

1.7136 

00 

380" 

15.S04 

30 

-035 

1438 

0 

- 

J40 

13.872 

21 

.033 

XO056 

I 

JOO 

12.24 

23 

.028 

1. 1424 

a 

284 

11.5872 

23 

.035 

1.02 

i 

"1 

asp 
238 

10.5673 

34 

35 

J333 
.030 

0J976 
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TABLE  130. 

Clearance  Dimensions  and  Wheel  Loads,  Electric  Cranes. 
McClintic-Mahsball  Construction  Co. 
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TAfiLE  132. 

Ckane  Girder  Specifications. 

McClintic-Marshall  Construction  Co. 
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Crane  RaHs:  Cnne  Raili  are  aCUcbed  to  Uw  drder  by  meuu  of  dipt  or  hook  bolu,  the  btter  bcitui  natd 
chlHIv  for  I-Beanu,  tbe  fiance  beiiu  too  narrow  for  a  dip,  and  Ha*  (b«  advantase  of  Mvinit  punching  In  tne  top 
flange.  {'lips  and  hook  bolts  provide  for  adiuitlns  illiiht  InaccuradcM  In  the  aNcnmcnt  of  the  raita.  Rail  Splice* 
should  con«Ut  of  a  Aat  bar  fiih  plate  or  a  railed  fith  plate  as  anile  tpllces  are  apt  to  Interfere  with  the  llange  of 
the  crane  wheels.     Provide  our  standard  crane  stop  at  the  end  of  the  rail. 

Dimmitnns:  In  firrparlns  design  Indicate  clearly  distances  A,  R.  J.  K,  C*  and  distances  of  fUmr  line  to  top 
of  mil.  TticsF  dimensions  iliould  be  submitted  to  owners  with  drsian,  hut  before  ordering  or  nunufacturint 
any  matertal  for  the  worlc  the  owner's  approval  should  be  obtained  for  same. 
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T^nCAL   HaSD  CK&3CES. 
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TABLE  134. 
Diagram  fob  Stress  ix  Eve-bars  Due  to  We[Ght. 


L5         2  3  45675910 

lall. Depth  of  Bar  in  Inches 
lU-.Tf-^yk  in  Tens  of  Thousandths 

Problem. — Rc<iuin:d  stress  due  to  weight  of  a  4  in.  x  i  in.  eye-bar,  20  ft.  long,  which  has  a 
direct  tension  of  56,000  Lb. 

Then,  ft  =  4  in.;  /,  -  20  ft.,  and  /j  =  14,000  lb.  per  9t^.  in.  The  stresfi  due  to  weight,  fi, 
is  found  from  the  diagram  as  follows:  On  the  bottom  of  the  diagram,  find  A  ^  4  in.;  follow  up  the 
VL-rtical  line  to  its  intersection  with  inclined  tine  marked,  /-  «  20  ft.,  then  follow  the  horizontal 
line  passing  through  the  (»nint  of  intersection  out  to  the  left  margin  and  find,  y^  "S-S  tens  of 
thousandths;  then  follow  venical  line,  h  =  a  in.,  up  to  its  intersection  with  inclined  line  marked, 
/i  a  14,000,  and  then  follow  the  horizontalline  passing  through  the  p»iinl  of  intcrsoclion  to  left 
margin  and  find,  yi  ^  7.2  tens  of  thousandths.  Now  Vi  -f  p'l  "  7-2  +  3-3  =  10.5.  Find  yi 
-f  yj  -  10,5  on  lower  edge  o(  dwgram  follow  vertical  line  to  its  intersection  with  hnc  marked 
"Line  of  Reciprocals"  and  find  on  right  margin. /i  =  950  lb.  sq-  in. 

For  a  bar  inclined  at  an  an^le  0  with  a  vertical  line  multiply  the  fiber  stress  calculated  for  ft 
horizontal  bar  as  above,  of  the  same  length,  and  multiply  the  fiber  stress  thus  obtained  by  sin  *. 
For  example  if  the  bar  above  is  inclined  at  an  angle  of  45  degrees  with  the  vertical;  the  fiber  stress 
due  to  weight  is.  /i  -  950  x  sin  0  -  950 "  0-707  «»  ^73  'b.  r  .       .  •  .      -.i 

Every  intersection  of  the  inclined  /i  and  L  lines  has  for  its  abwHsn  a  value  of  h,  which  will 
have  a  maximum  fiber  stress,  /i,  for  the  given  values  of  A  and  L,  For  example  for  /.  -  30  ft.; 
ft  -  l.?.ooolb.,  wefind  A  ■=  8.3in..and/i  «  l.7oolb.  A  deeper  or  shallower  bar  will  giw  a  smaller 
value  of  /(. 


TABLE   135. 
DuGSAM  FOR  Stresses  in  Sqcare  Plates. 


2000 


2  3  AS67d9lO  15         20 

Side  of  5qucir«  in  F««+* 

Safe  Loads  on  Square  Plates. — The  safe  toads  on  square  plates  for  a  fiber  stress  of  10,000 
pouncU  per  square  inch  may  be  obtained  from  the  diagram.  As  an  example,  required  the  safe  load 
KmT  a  I'in.  plate  3  feet  square.  Begin  at  3  on  the  bottom  of  the  diagram,  follow  upward  to  the 
Km  marked  i-ia>  plate,  from  the  intersection  follow  to  the  left  edge  and  find  280  lb.  per  sq.  ft. 
Fur  any  other  fiber  stress  multiply  the  safe  load  found  from  the  diagram  by  the  ratio  of  tbc  fiber 
aH^^e*.     To  use  ihe  diagram  for  a  rectangular  plate  take  a  square  plate  having  the  same  area*. 

For  fomiulaa  for  strength  of  plates,  see  page  313,  Chapter  VIII. 
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TABLE  137. 
Details  of  a  Steel  Stair. 
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883.3 

39.1 

7.12 

1.50 

98.1 

78  000 

130  860 

"   "77 

"3-93 

54 

15.87 

.410 

7-590 

.016 

842.0 

37-7 

7.28 

1-54 

93.6 

57  500 

124  740 

"   "77 

14.24 

52 

15.24 

•375 

^sss 

.016 

825.0 

371 

7-36 

1.56 

91.7 

49   200  122    220 

1   177  "4-38 

48.5 

14.25 

.320 

7.500 

.016 

798-3 

36.2 

748 

"59 

88.7 

36  700 

118  260 

»  "77 

14.62 

>S 

71 

2095 

.C20 

7-500 

.020 

796.1 

61.3 

6.16 

1.7X 

f06.2 

77  900 

141  540 

980 

11.85 

64 

18.81 

■605 

7-195 

.020 

664.9 

41.9 

5-95 

>.49 

88.6 

93  900 

118  200 

980 

11.5: 

^^ 

15.S8 

.410 

7.000 

.020 

610.0 

3H-3 

6.20 

"55 

81.J 

54  800 

108  450 

980 

12,00 

13.52 

.440 

6.8 10 

.020 

484-8 
456.7 

25.2 

5-99 

1.36 

64.6 

60  nnn 

86  180 

9S0 

n.66 

41 

12.02  .340 

6.710 

.020 

24.0 

6.16 

I.4I 

60.9 

39  900 

81   180 

980 

12.00 

38 

11.27 

.290 

6.660 

.020 

442.6 

234 

6.27 

"44 

59.0 

30  100 

78  6R0 

980 

12.20 

12 

3« 

10.6 1 

.310 

6.300 

.025 

269.2 

21.3 

S-04 

1.42 

44-9 

32  aoo 

59  830 

785 

9.67 

J» 

944 

.335 

6.205 

.025 

228.5 

16.0 

4.92 

1.30 

38.. 

35  800 

50  770 

785 

9-49 

18.5 

B.42 

.250 

6.120 

.025 

216.2 

"5-3 

507 

"35 

36.0 

21  100 

48  050 

785 

9-77 

10 

28.5 

8-34 

-390 

5990 

.029 

t34.6 

12. 1 

4.02 

1.21 

26.9 

39  800 

35  880 

654 

7.67 

13-5 

6.94 

.250 

5.850 

.029 

122.9 

11.2 

4.21 

1.27 

14.6 

21  000 

33  770 

654 

8.03 

9 

H 

704 

■365 

5555 

■033 

92.1 

8.8 

3.62 

1.12 

20.5 

33  900 

27  290 

590 

688 

30 

6.01 

.250 

S-440 

•033 

85.1 

8.2 

3.76 

1.17 

18.9 

30   100 

35    330 

590 

716 

B 

"9-5 

5.78 

•3*5 

5-325 

.037 

60.6 

6.7 

3-H 

i.o8 

15.1 

26  900 

20   200 

53J 

6.1 1 

•7.5 

5.18 

.250 

S.35O 

-037 

574 

6.4 

3.33 

l.ll 

"43 

18  9ncv 

"9  "30 

522 

6.28 

i 

25 

7 

1 

TABLE  152 
Pkopesties  of  Bethlehem  Girder  Beams 


In. 


Lb. 


tSo 

i3o 
165 

]6o 

150 

140 

140 
111 

91 

140 
104 

73 
55 


I 


In." 


In. 


58.71 

53,86 
4847 

46.91 
43?+ 

41.16 
J5.38 

41.19 

33.81 

17  Al 

41.17 

30.50 

21.49 

10,58 
16.18 

5    9-54 


690 

690 
.660 

.630 
.630 

600 

,640 
SSO 

.480 

.Boo 
.600 
.4J0 

460 
070 

.jia 
.190 


15,00 
13.00 

14-35 
11.50 

t3-6o 

12.00 

13.00 

11.00 

11. 50 

11.00 

11.50 

"■75 
n.25 

10.50 

10.00 
97S 

9,00 

8.50 
S.00 


KM 


In* 

.010 
.010 

-Oil 
.011 

,011 

-Oil 
,011 

.015 

.015 
.016 

.030 

.ozo 
.020 

.025 
-Ois 

.030 

^33 
■Oj7 


|l 


a— 


MomeaC  gf  iDcttlK 


Aadi  i-i 


In.< 


9  150.6 

s  1945 

7  ^7 
6  563.7 

5  6zc.8 
5  >53-9 

4  »oM 
3  607.3 

3  934-7 
a  54^.1 

I  5914 

I  592.7 

I    130.1 

883,4 

538.8 
432,0 

344.1 
I70.Q 

114.4 


Axis  A-a 


Riuiliiiiof  Gv- 

ratioa 


Axil  l-i 


lB.i 


630.1 

433-3 

5333 

37>'9 

43S-7 

314.6 

346.9 
^94 

348.9 
^39.3 

1^1.6 

331.0 

i23.i 

1147 

St.! 

57^3 

44-1 
32.9 


Im 


1148 
12.43 

11.72 
tt-64 

10.95 
10.83 

10.10 
10.10 

8-44 
Ms 


3-i 


In. 


3.18 
3.S6 

3.18 

277 

3.0s 
1.68 

1.90 
1.66 

1.91 

2.70 


7.66     1,59 


6,21 

6.3  J 
6.41 

S'li 
S-i7 

4-3+ 

390 

3.46 


2,83 
2.64 
2.39 

1,36 
1.24 

l.IO 

1.98 
1,86 


J- 1 


ln.« 


6to.o 
5+^-3 

518.9 

46S.S 

43^4 
396'S 

3S01 
30046 

*93-S 
134*1 

176.8 

zi2,4 
162.7 
117.8 

89.8 
73.0 

4S.8 

3Sj3 

iS,6 


Lb. 


1 89  300 
165  lOO 

161  500 

150  300 

135  900 
135  900 

til  700 
98  500 

114  zoo 

98  500 

76  100 

[34   100 

94  3a> 
59  100 

57  ioo 
41  300 

39  Soo 

36  700 

n  600 


Is 


M, 


Fuli*. 


813  390 

72S  400 

691  880 
625  010 

576  490 
528  600 

466  Sio 
400  Sao 

391  280 
312  290 

^35  7^ 

183  ISO 
Z16  910 
157  <J8o 

119  73a 
96  000 

65  130 

50  630 
38  140 


as 


?^ 


■3 
lit 


11 


?b,       ■"■ 


I     960 
I     960 

I     S3O 
I     830 

I     700 

1      570 

I  570 

I  307 
I  307 

1  177 

980 
9S0 


7fi5 

78s 

654 

59O] 
512 


24.09 
14.20 

12.57 
12.6a 

11.03 
30.99 

19-35 
1948 

15JS 
16.OE 

H4t 

*ii.o6 
11.49 
11-S9 

9.08 
*9'3» 

7.60 
672 

5,85 


*  E>enote3  that  the  distance  given  is  less  than  the  distance  center  to  center  of  beams  placed 
close  together  with  flanges  in  contact. 


258 


TABLE  15^                                                            ^^ 

Proferttes  of  Bethlehem  H  Columns 

} 

s 

t 

1 

1 

^ 

W 

g 

1 

--I 

1 

5 

1 

Eb 

1 

E 

> 

0 

1 

■s 
•3 

( 

*U 

--^ 

\ 

^■■1 

_  ■  -  - 

i 

- 

^i  v'i 

Moment  of 

Kadiufof 

Section 

!* 

t- 

U-B-J 

^ 

|».enia 

GyraUon 

Modulo* 

AxU 

Axi« 

Axis 

Axft 

Axlt  1  Axil 

o 

T 

B 

w 

i-i 

a-« 

i-i 

2-2 

I-I 

2-2 

M 

N 

G 

L 

li 

I> 

ri 

ri 

s. 

s, 

Itu 

Lb- 

In.    '    In. 

tn. 

la. 

In. 

In. 

InT 

In." 

In.* 

IM 

Id, 

In, 

In.* 

ln.» 

.4" 

H    COLUMN 

'^\ 

83-S 

1* 

13.92 

•43 

.620 

•755 

[9i 

24.46 

26.76 

884-9 

294,5    6.01 

3-47  J18-7 

41-3 

I3i 

91.0 

96 

•47 

.683 

.817 

i9i 

976.8 

3154 

6.04 

3.49    140.8 

46.6 

H 

99.0 

H 

00 

•5" 

•745 

.880 

19}} 
19H 

29,06 

I   070.6 

356.9 

6.07 

3.50 '153.0 

51.0 

'+} 

I06.S 

I 

04 

•55 

.SoR 

.942 

31*38 

1    166.6 

387.8 

6.10 

3.52    165.2 

551 

- 

I  US 

H 

08 

.59 

.870 

1.005 

JO|^ 

33-70 

1   364.5 

420.3 

6.13 

3-53 

I77^5 

59-7 

122.5 

I 

12 

.63 

•933 

1.067 

20 

h 

36.04 

I   36^.6 

453-4 

6.16 

3-56 

189.9 

64.2 

Hi 

130.5 

lit 

16 

.67 

•995 

1. 130 

30 

38.38 

I  466.7 

486.9 

6.18 

102.3 

68.8 

14} 

138.0  li 

19 

.70 

1.058 

t.192 

20 

40.59 

I   568.4 

519-7 

6.21 

3.58 

214.5 

73.3 

146.0^  ijV 
1540  ij 

23 

•74 

1. 110 

1.255 

20 

41.95 

I   674.7 

554-4 

6.24 

3.59 

227.1 

77.9 

ul 

27 

.78 

1. 183 

1-317 

20 

9 

45.33 

1   7833 

589.5 

6.27 

3.61 

239.8 

83.6 

IS 

162.0 

lA 

31 

.82 

t.245 

1.380 

30 

*J 

47.71 

I   894-0 

626.1 

6.30 

3.62 

151.5 

87.5 

'5} 

170.5 

i2 

35 

.86 

1.308 

1.442 

30l 

1 

50.11 

2   007.0 

662.3 

6.33 

3.64  I26S.4 

91-3 

15} 

178.5 

'^ 

39 

.90 

1.370 

1.505 

21 

g 

53.51 

1    122.3 

699.0 

6.36 

3.65 

278.3 

97-1 

186.5 

'} 

43 

.94 

1.433 

1.567 

21 

1 

54-91 

1   139-8 

736-3 

6.39 

3.66 

191-4 

102.1 

isi 

195.0 

\t 

47 

.98 

1.495 

1.630 

21 
21 

g 

57.35 

1    359.7 

774.1 

6.41 

3.67 

304.5 

107.0 

203.5 

$1 

1.02 

1.558 

1.692 

jj 

59.78 

2    481.9 

8116 

6-44 

3.69 

317-7 

Ill.O 

^M 

211.0 

't* 

54 

1.05 

1.620 

1-755 

2ixV 

I-) 

62.07 

2   603.3 

849.8 

6.48 

3.70 

330.6 

116.9 

^5* 

219-5 

■ 

58 

1.09 

1.683 

1.817 

21H 

64.52 

2   730.2 

889.3 

6.51 

371 

3440 

123.0 

16 

227.5 

iH 

62 

1.13 

1-745 

1.880 

66.9B 

2   859.6 

929.4 

6.53 

3-73 

357-5 

127.1 

16 

236.0 

li 

66 

M7 

1.808 

1-941 

v^ 

69.45 

1   99I.S 

970.0 

6.56 

3  74 

371.0 

131.3 

16 

2445 

Iff 

70 

1.21 

1.870 

2.005 

71-94 

3   115.8 

I  011.3 

6.59 

3.75 

384.7 

137.6 

16 

2S3-0 

2 

74 

1.25 

1-933 

2.067 

22^ 

74.43 
76.93 

3  162.7 

1  053.2 

6.62 

3.76 

398-5 

142.9 

i& 

261.5 

t 

78 

1.29 

1-995 

2.130 

22A 

3  402.1 

I  095^6 

6.65 

377 

412.4 

148.3 

16 

270.0 

81 

"33 

2.058 

2.192 

22ft 

79-44 

3  544-1 
3  688.8 

I  ,38.7 

6.68 

3.79 

4264 

"53-7 

16 

178.5 

'A 

86 

J.37 

2.120 

2.255 

lire 

81.97 

I  1814 

6.71 

3.B0 

440.5 

159.x 

16 

287.5 

4 

14.90 

1.41 

1.183 

1.317 

23]V 

84.50 

3  836.1 

1  226.7 

6.74 

3.81 

454.7 

164.7 

tr* 

H  Col 

UKRS 

j:I 

64-5 

1. 

11.91 

•39 

.630 

68j 

ili 

19.00 

4990 

168.6 

5-13 

2.98 

849 

28.3 

7t.S 

11.96 

•43 

•745 

*, 

20.96 

556.6 

188.2 

5<5 

3.00 

93.7 

31-S 

12 

78.0 

12.00 

•47 

.692 

.808 

I 

12.94 

6,5.6 

208.1 

5.18 

3.0i 

102.6 

34.7 

13 

84.5 

1 

12.04 

•5" 

■755 

.870 

1 

14,92 

676.1 

228.5 

5,21 

3.03 

111.5 

37-9 

U 

91S 

12.08 

•55 

.817 

•933 

1692 

738.1 

249.2 

5-24 

]:S 

120.5 

41-3 

U 

98.5 

ti 

12.12 

•59 

.S80 

•995 

a 

18.92 

801.7 

270.1 

517 

129.6 

44.6 

, 

U 

105.0 

1 

12. 16 

.63 

.941 

1^58 

I7A 

9 

30.94 
3296 

866.8 

191.7 

5.30 

3.07 

138.6 

48.0 

■ 

12 

112.0 

'rV 

[2.20 

.67 

1.005 

I.I20 

I7A 

■ 

933.4 

313.6 

5-33 

3.08 

147.9 

SM 

12 

118.5 

'i 

12.23 

.70 

1.067 

[.18) 

17  T 

3487 

1  000.0 

3350 

536 

3.10 

;^:! 

54.8 

13 

135-5 

'A 

12.27 

.74 

1.130 

1,245 

17  f 

36.91 

1  069.8 

357.7 

5.38 

3.11 

58.1 

«3 

132.5 

li 

12.31 

.78 

1.192 

1.308 

17    1 

38.97 

1   141-3 

380.71  5-41 

3.U 

175.6    61.9 

I 

TABLE  tSS.^Coniinwd 
Properties  of  Bethlehem  H  Coluhns 


1 

! 

J? 

t 

^ 

4 

c 

1 

\ . 

1 

JC±. 

— i — 

1 

/JT 

.:-ll 

^-H        1 

1 

[£ 
& 

[I. 

V. 

TT 

1 

c 

N    _ 

1 

1 '  "^ 

fe^^ 

.4,,^ 

:L1 

i 

3   ■   tJ 

i:    \      A 

1 

-s 

1 
1 

^i  V'i 

MomEbt  of 

RBdilUDf 

Sectian 

^ 

" 

H 

Incnia 

Gytatloa 

UtKtulns 

Asii 

;  Ax]> 

Axil 

Ajd» 

Ad- 

Axu 

o 

i-i 

a-j 

i-i 

1— a 

I-I 

j-a 

T 

B     ,    W 

M 

N          C 

L 

fi 

I> 

n 

T% 

Si 

s. 

IiL  i  Lb. 

lA, 

In.   1    lo. 

to. 

In.        In, 

In. 

iii.t 

in.* 

'      ln.< 

tn. 

Id. 

In.* 

In.' 

Il''   H    COLtJMHS 

13 
13 

139-5 

lA 

ti.3'; 

.82 

I-ISS 

(.370 

iS 

4I'03 

I  314-5 

404,1 

S44 

3.14 

185,0 

65.4 

146.S 

12.39 

.86 

t-3«7 

M3J 

IB* 

43.10 

1  189.4 

418.0 

5-47 

3-iS 

i94-<» 

69.1 

13 

ips 

'1^ 

(3-43 

.90 

1,380 

1-495 

l8i 

45*19 

I  366.0 

4S2.1 

5-So 

3a6 

^<H*3 

H^ 

^3  . 

161. 0 

It 

ii.47 

94 

1.44a 

i.>;»;« 

47-38 

t  444-3 

477.0 

S-^3 

MB 

114,0 

76.5 

tc}"  H  CoLUion                                                                                  1 

9f 

+9-0 

A 

9^97 

.36 

■SI4 

.611 

14A 

i4-37 

263  .s 

g9.i 

+.23 

249 

534 

17.9 

to 

54.0 

IP.O0 

'39 

■577 

.673 

hA 

IS'9t 

296.S 

1004 

+-3* 

2.51 

594 

20,1 

lo 

59-5 

i 

10.D4 

^41 

,639 

.73^^ 

14A 

V 
^ 

I7-S7 

331-9 

tt2.2 

4'3S 

2-53 

65.6 

J2.3 

[O 

^5>S 

■ 

10.08   .47 

.70i 

.79K 

"913 

368.0 

114.2 

+.37 

154 
2.56 

71.8 

24.6 

lO 

71.0 

i 

10,12    .51 

.7H 

.86] 

*> 

30,91 

40S-2 

136.5 

440 

78,1 

27-0 

to 

77-0 

10.16   ,55 

,Ki7 

.923 

1 

"■S9 

4430 

149- 1 
[62.0 

4-43 

2,57 

H$ 

S94 

lO 

H2.S 

1 

10,20 

.63 

.8&9 

.986 

14 

1 

3+.a9 

483.0 

4-46 

2^5^ 

90.9 

31.8 

lO 

«H.S 

I 

10,24 

.9^2 

1.048 

1 

15.99 

sns 

t75« 

4-49 

2.60 

974 

341 

lO 

94.Q 

■A 

[0.3S 

.67 

1.014 

i.ni 

8 

2771 

1SB.6 

4.52 

2.6l 

103.9 

367 

u 

99-S 

i| 

10.31 

'70 

1,077 

1173 

i5i 

29.33 

607,0 

aoi7 

4SS 

2.62 

1104 

39  1 

III 

I05-S 

'A 

10.35 

«74 

>I59 

1.136 

15A 

31.06 

6;  1.0 

215.6 

4-5S 

2.64 

II7.0 

417 

n 

ni.f; 

'f 

JO,:ig 

.7a 

J.ZOl 

t.298 

15A 

Ji.So 

696.2 

229.9 

4-61 

2.65 

I2J.8 

44-3 
469 

11 

117.S 

■A 

1043 

.81 

[.264 

1.361 

i^A 

34SS 
36.32 

74=^7 

144.4 

4.64 

3.66 

130*6 

III 

113-5 

>i 

10.47 

.86 

1.317 

t.433 

15A 

790.4 

359-3 

4.67 

2.67 

"375 

49-5 

a''  H   C0LUaD*5 

1 

7l 

32,0 

A 

8.00 

■31 

'399 

.476 

III 

9.17 

1057 

35^8 

340 

1.98 

36.9 

S.9 

8 

34-^ 

i 

8.00 

■V 

.461 

.^\% 

III 

10.17 

iii.S 

4M 

1.46 

2,01 

304 

10.3 

Si 

^9-0 

f 

8.04 

^3? 

■  SH 

,601 

iiA 

ir.50 

J395 

471 

3.48 

2,03 

343 

ti7 

Bi 

41'^ 

8.08 

.39 

.<;87 

.661 

iifi 

12.83 

158.3 

53-4 

3.51 

2-04 

384 

13.2 

f^i 

48. 0 

i 

n.ii 

41 

.649 

726 

V 

14.18 

177-7 

59-8 

3-S4 

1.05 

+f-* 

I+-7 

Hi 

';t-o 

8.16 

■47 

,711 

.7fia 

uii 

•6 

i*[  >3 

197.8 

66.3 

J'57 

3.07 

46,5 

16.3 

;7^<; 

' 

8.2Q 

-SI 

■774 

.8<fi 

12 

1 

iG.go 

2!8.6 

73-1 

3.f« 

1.08 

50.7 

17.8 

Hi 

6i.o 

8.24 

■s*; 

.B37 

.913 

I2A 

jB.27 

240.2 

8a.o 

3-63 

2.D9 

54-9 

194 

&l 

67,0 

H 

8.a8 
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TABLE  156. 
Standard  Connection  Angles  foe  Bethlehem  I-Beams. 


Beam  Conhections 


rii 


;//'/ 


ytii 


W0ight4Nk 


WtightiTJh- 


W0iiihti8ih 


^ls4'x4'Kp/-Si' 
Zt6''4''r'0''S' 


^tmf  39jn0  in  hefh  /y5  o/*y/«  ifnlf*$  &fh0rms0  sh&wa-  Alt  h*ks  %  Of^m-Br  j^Pism^Rfvef^  orB^Ifs* 


Mtnimttm  Spuu  dd  ^rhicb  the  Above  CoottectioD  Aofla  nuy  l>e  Used  fur  Gnatot  Safe  Uniformly  Diitributed  Lo«di. 


Depih  of 
tteam.  lucbe*. 


30 
2S 
36 

24 
24 

20 
10 

l8 
15 
IS 
"S 

12 
12 
10 
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Weight  per 
Foot,  LU. 


I20.0 

105.0 

90.0 

84.0 

73-0 
72.0 

59.0 
48.S 
71.0 
540 
38.0 
36.0 
28.S 

235 
lao 

175 


Leakt  Span,  In  Feet,  far  Various  Cnnditlons. 


Rivets :  Sbearing  10/Mo  Lba.,  Be»riBf  ao,ooo  Lbi.  per  Square  la. 


Con- 
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to  Wch 

of 
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aj.o 

22.7 
23.1 
21.9 
23.7 

2a2 

I8.S 
16.4 

13.1 

II.8 

13.1 

10.3 

ia3 
87 
6-7 
5.1 


Con- 
nection. 


31.1 
19.2 

«7.3 
17.1 
15.0 

«4-7 

U.8 

10.7 

16.0 

13.3 

8.9 

9.0 

7* 

7.4 
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7.8 
6.0 
4*5 
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22.7 
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17.7 
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13.9 

12.6 

18.9 

10.5 

10.6 
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8.7 
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A^ 
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25.9 

23.3 
23.1 
30. 3 
19.9 
15.9 
«44 
21.6 
16.5 
12.0 

13.3 
9.8 

10.0 
7.7 

S.8 


33-1 
30.2 
37.1 
26.9 
23.6 
23.3 
18.S 
16.8 
35.1 
19.3 
14.0 
14.3 
11.4 
11.6 
9-0 
6.8 
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36.3 
33.6 
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27.8 

33.3 
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30.3 
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16.8 
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14.0 
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37.7 
28.9 
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17.S 
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Field  Coanediim. 
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Sjuarc  Indi. 


36.3 
24^ 
31.6 
2M 

I8.B 
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14.7 

«34 
30.0 

»5-3 

II. I 

1 1.3 
9-> 
9-3 
7J 

5-4 


Hic  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  U  the  minimum 
span  for  which  the  connection  mav  be  used. 
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TABLE  157. 
Standard  Connection  Angles  fok  Bbthlbbeic  Gibdek  Brams. 


BBAM  COHNBCTIOHS 
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33.1 
29.6 
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32.4 
29.3 
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23.7 
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21.8 

20. 1 
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17.3 
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pi 
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6.0  j 
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SI.8 

56.8 
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27.9 
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20.6 
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19.6 
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22.9 
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12.7 

13.5 
10.9 
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7.2 


The  greatest  value  given  of  the  least  span  for  any  of  the  governing  conditions  is  the  minimum 
span  for  which  the  connection  may  be  used. 
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TABLE  160. 
Safe  Loads,  in  Tons,  am?  DEFtEcxioNs  in  Inches,  Bethlehem  Cirdek  Reams. 
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The  fif^ra  fpve  the  lafe  uniform  toad  in  tons,  of  3000  lb.,  baaed  on  extreme  fiber  atresa  of 
16000  lb.  per  iq.  m.,  or  end  reactioni  for  lafc  uniform  load  in  ihousandi  of  pounda. 

F"ijfurc»  for  deflections  arc  given  in  inches. 

For  load  concentrated  at  center,  use  one-half  of  6gurei  given  for  allowable  load  and  four- 
fiflh*  values  given  for  deflection. 

For  figures  at  right  of  heav>^  ^8"g  lines  deflections  are  considered  .excessive  ibr  plastered 
ceilings. 

Figures  given  apply"  only  when  beams  are  secured  against  lateral  deformation. 

*  Increase  of  safe  load  in  tons  for  each  pound  increase  in  weight  of  Girder  Beams. 
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.8243 

.8268 

.8292 

.8317 

•8342 

.8366 

.8391 

39 
40 

.8391 

.8416 

.8441 

.8466 

.8491 

.8516 

.8541 

.8566 

.8591 

.8617 

.8642 

.8667 

.8691 

4' 

.8693 

.8718 

.8744 

.8770 

-8796 

.8821 

.8847 

•8873 

.8H99 

.8925 

•8952 

.8978 

.9004 

4' 

4^ 

•9004 

.9030 

.9057 

.90H3 

.9110 

.9<37 

.9163 

.9190 

.9117 

.9244 

•9271 

.9298 

■9325 

42 

43 

■9335 

.9353 

.93K0 

.9407 

•9435 

.9462 

.9490 

.9517 

•9545 

•9573 

.9601 

.9629 

■9<>S7 

43 

44 

.9657 

.9685 

-9713 

-9742 

-9770 

.9798 

.9827 

.9HS6 

.9884 

.9013 

.9942 

.9971 

1. 0000 

44 

1 

ii 

0' 

/ 

/o' 

// 

20' 

25' 

30' 

sf 

40' 

4^ 

50' 

5/ 

60' 

^l 

271 
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TABLE  165. 
Squases,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  i  to  99. 


No. 

Squair. 

Cube. 

Sa.Rooc 

CtRoot. 

So. 

Sgtlatc. 

Cute. 

Sq,  Root. 

Cu.  HxxA, 

t 

I 

t 

I.OOC0 

IJQOOO 

SO 

2500 

125000 

7.07II 

3,6840 

2 

4 

a 

MI42 

1.2599 

5* 

z6qt 

132651 

7-1414 

37^ 

3 

9 

27 

1.7321 

1«*422 

S» 

ST^H 

7.2111 

3-73^5 

4 

16 

64 

2.O0OQ 

1.5874 

53 

2S09 

148877 

7,2801 

3-7563 

5 

25 

125 

a.2361 

(.7100 

54 

2916 

157464 

7-348S 

3.7798 

6 

36 

216 

2.449s 

1J17I 

55 

3025 

16637s 

7^162 

J.80J0 

7 

n 

343 

2.6458 

I.9129 

56 

31J6 

175616 

7^33 

3-8259 

8 

S'  = 

%J&1^ 

TJDOOO 

57 

3^9 
33^ 

185193 

7S49« 

3.84S5 

9 

81  . 

729 

3.0000 

2.0S0I 

58 

195"'^ 

76158 

3-8709 

10 

100 

1000 

3,1625 

2-1544 

59 

34St 

305379 

7-68IE 

3.8930 

n 

121 

1331 

3.3«66 

2,2140 

60 

]6oo 

2i6nnn 

77460 

3*9149 

u 

144 

1728 

3-4^J 

2.2894 

61 

3721 

226981 

7.8101 

3-9365 

13 

169 

1197 

3.6056 

^3sn 

62 

3!i! 

238328 

7-8740 

3-9579 

14 

196 

2744 

3-7417 

2.4 101 

6j 

3969 

250047 
262144 

7-9373 

3.9791 

»5 

225 

337S 

3-8730 

2.4661 

64 

4096 

S,oooo 

4,0000 

16 

256 

4090 

4.0000 

2.5193 

65 

4^15 

274625 

8.0625 

4,0207 

17 

289 

4913 

+.1231 

2.5713 

66 

4356 

3S7496 

8.1240 

4.0*11 

iS 

324 

S831 

4.2426 

2,6207 

67 

4489 

300763 

8.1854 

44)615 

19 

361 

6859 

4-3589 

2.6684 

68 

4624 

31443a 

6.2462 

4-0817 

20 

4CO 

8000 

4^721 

2.71+4 

69 

4761 

328509 

S.3066 

4.1016 

21 

441 

9261 

4-5326 

2.7589 

70 

4900 

343000 

8.J666 

4*"iJ 

HZ 

484 

IdTiiS 

^6904 

2.8010 

71 

5041 

3579JI 

64261 

4.1x08 

4-!603 

^3 

S»9 

12167 

47958 

2.ft43^ 

72 

5184 

373  H8 

84853 

14 

576 

13814 

48990 

2.884s 

73 

5329 

389017 

8.5440 

4-1793 

*5 

625 

15625 

5.0000 

2.9240 

74 

5476 

405224 

B.602J 

4.1983 

^ 

670 

17576 

5.0990 

1.9625 

75 

l^ 

4*1875 

8,6603 

4,2171 

17 

729 

19683 

5  1962 

3.0000 

76 

438976 

8.7178 

4.2358 

x8 

784 

'  21952 

5.2915 

30366 

77 

5929 

456533 

87750 

4-2543 

19 

841 

243S9 

5.5852 

3-0723 

78 

&^ 

47455* 

8.8}  18 

4.2727 

JQ 

yoo 

27000 

54772 

3.1072 

79 

6241 

493039 

8.8$8a 

4.2908 

31 

961 

297^ " 

5^5678 

31414 

80 

6400 

512000 

8.9443 

4.3069 

32 

1024 

32768 

5-^5^ 

3-'748 

81 

6561 

531441 

9.0000 

4.3267 

33 

1089 

35937 

5744<> 

3-2075 

82 

6724 

SS1368 

9-0554 

4-3445 

3+ 

H56 

39304 

5.8310 

3-2396 

83 

6889 

571787 

9.1104 

4.3621 

35 

1225 

+J?^I 

5.9161 

3-^711 

84 

7056 

59=  7&* 

9.1652 

4-3795 

36 

1196 

46656 

6.0000 

3-3019 

85 

7225 

61412s 

9.2195 

9.2736 

44968 

37 

1369 

50653 

6.0838 

3.3322 

86 

7396 

636056 

44140 

3« 

1444 

54872 

6.1644 

3.3620 

87 

7569 

658503 

9.3274 

44310 

39 

1521 

S9319 

6.2450 

3-3912 

88 

7744 

6S1472 

9-38o» 

4*4480 

40 

1^00 

64000 

6,3246 

34200 

89 

7931 

704969 

94340 

44647 

41 

i68[ 

68921 

6.4031 

3-44S2 

90 

8  too 

729000 

94S68 

4-4814 

4i 

1764 

74088 

6.4807 

3476a 

91 

8281 

753571 

9539* 

4-4979 

43 

1849 

79507 

6.5574 

3-5034 

91 

8^^ 

77B688 

95917 

4-5 '44 

44 

1936 

S5184 

6.633a 

3-5305 

93 

804357 

96437 

4-5307 

45 

202s 

9II2S 

67082 

3-55^^ 

94 

8836 

8305S4 

96954 

4-5468 

46 

2116 

973  J6 

6.7S23 

3-5830 

95 

9025 

857375 

9.7468 

4.5629 

47 

22Q9 

J03823 

68S57 

3.6088 

96 

9216 

864736 

9.798Q 

4-5789 

48 

2304 

110592 

6,9282 

3.6342 

97 

9409 

912673 

9J489 

4-W7 

49 

2401 

117649 

7.0CB0 

3-6593 

9S 

9604 

941191 

9.8995 

4.6104 

99 

9W01 

970299 

99499 

4.6361 

272 
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■ 

TABLE  16! 

. — Contiuufd. 

■ 

m 

■ 

S<;uAiiEs,  Cubes,  Square  Roots  and  Cube  Roots  of  Nitmbers  from  lOo  TO  199. 

1 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

100 

lOOOO 

lOOOOOO 

10.0000 

4.6416 

150 

22500 

3375OUO 

12.2474 

S-3'33 

lOI 

1020 1 

1050301 

10.0499 

4.6570 

IS' 

23801 

344295' 

12.2882 

5-3251 

102 

IQ404 

1061208 

10.099s 

4.6723 

152 

23104 

351180H 

11.3288 

S-3368 

103 

10609 

1092727 

10.1489 

4.6875 

»53 

23409 

3581577 

12.3693 

5-3485 

10+ 

:o8i6 

1124864 

10.1980 

4.7027 

154 

25716 

3652264 

12.409; 

S.3601 

J05 

11025 

1 157625 

10.2470 

47177 

>55 

24025 

3723875 

12.4499 

5-3717 

106 

11236 

II9IOI6 

10.3956 

4.7326 

156 

24336 

3796416 

12.4900 

5-3832 

!07 

11449 

1235043 

IO344I 

4-7475 

»57 

24^49 

3869893 

12.5300 

5-3'H7 

1 

IO» 

11664 

1259712 

10.3923 

4.7612 

158 

24^/14 

39443 '2 

12.5698 

5.4061 

1 

£09 

11881 

1295039 

10.4403 

4.7769 

159 

35281 

4019679 

12.6095 

5-4175 

1 

110 

T2I00 

1331000 

IO.4R81 

4-7914 

160 

35600 

4096000 

12.6491 

5.4288 

III 

12321 

1 36763 1 

10.5357 

4.8059 

161 

25921 

4173281 

12.6886 

5.4401 

111 

12544 

1404928 

10.5830 

4.8203 

162 

26244 

4251528 

12.7279 

54514 

i>3 

127O9 

1442897 

10.6301 

4.8346 

163 

20569 

4330747 

12.7671 

5.4626 

, 

114 

12996 

1481544 

10.6771 

4.84B8 

164 

3(>896 

4410944 

12.8062 

5.4737 

i»5 

13225 

I520K75 

10.7238 

4.8629 

165 

27225 

44921 2^ 

12.8452 

S.484H 

116 

13456 

[560896 

10.7703 

4-8770 

166 

27556 

4574296 

12.8841 

5-4959 

<I7 

13689 

I60I6I3 

10.8167 

4.8910 

167 

27889 

4657463 

12.9228 

5.5069 

118 

U9M 

tr»43032 

10.8628 

4-9049 

16S 

28224 

4741632 

12.9615 

5.5178 

119 

14161 

1685159 

10.9087 

4.9187 

169 

38561 

4826809 

13.0000 

5.5288 

120 

14400 

1728000 

10.9545 

4-9324 

170 

28900 

4913000 

130384 

5-S397 

121 

14641 

17715'^' 

11.0000 

4.9461 

171 

2914' 

5000211 

13.0767 

5-5505 

122 

148H4 

18 15848 

1 1.0454 

4-9597 

172 

29584 

SO88448 

'5"49 

5-5613 

4 

123 

«5<29 

1860867 

11.0905 

4-9732 

»73 

i<m9 

5i777'7 

13.1529 

5-5721 

"24 

15376 

1906634 

H135S 

4.9866 

174 

30276 

5268024 

13.1909 

5.5828 

IIS 

15625 

<953>25 

11.1803 

5.0000 

J  75 

30635 

5359375 

13.2288 

5.5934 

126 

15876 

2000376 

11.2250 

5-0133 

176 

30976 

545 '776 

13.2665 

5.6041 

127 

161 29 

2048383 

11.2694 

5.0365 

177 

31329 

5545233 

13.3041 

5.6147 

. 

128 

16384 

2097152 

11.3137 

5-0397 

178 

31684 

5639752 

i3-34'7 

5.6352 

129 

1664 1 

31466&9 

".3578 

5.0528 

179 

32041 

S735339 

'33791 

5.6357 

130 

16900 

2197000 

11.401R 

5.0658 

iSo 

32400 

5832C00 

'34'64 
'3-4536 

5.6461 

iji 

17161 

2248091 

"•4455 

5.0788 

181 

32761 

592974' 

5-6567 

132 

17424 

22'/j968 

11.4891 

5-0916 

182 

3312-4 

6038568 

13.4907 

5.6671 

»J3 

17689 

2352637 

11.5326 

5.1045 

183 

33489 

6128487 

'35277 

56774 

134 

17956 

3406104 

n.5758 

5.1172 

184 

33856 

6229504 

13-5647 

5-6877 

'^5 

18225 

2460375 

11.6190 

5.1299 

185 

34225 

6331625 

13.6015 

5.6980 

136 

18496 

2515456 

11.6619 

5.1426 

i»6 

34596 

6434856 

13.6582 

5.7083 

U7 

18769 

2571353 

11.7047 

5.IS5I 

187 

34969 

6539303 

13-6748 

5.7185 

138 

>9a44 

2628073 

n.7473 

5.1676 

188 

35344 

6644673 

13.7113 

5.7287 

139 

19321 

26S5619 

11.7898 

5.1801 

189 

35721 

6751269 

»3-7477 

S.7J88 

140 

19600 

2744000 

11.8322 

5.1925 

190 

36100 

6859000 

13.7840 

5.7489 

MI 

1988 1 

2803221 

11.8743 

5.2048 

191 

36481 

6967871 

13.8203 

5.7590 

142 

30164 

2863288 

11.9164 

5.2171 

192 

36864 

7077888 

13.8564 

5-7690 

M3 

20449 

2924307 

11.9583 

5.2293 

'93 

37249 

7189057 

13.8924 

5-7790 

144 

30736 

2985984 

la.oooo 

5a4»5 

'94 

37636 

7301384 

13-9284 

5.7890 

145 

2I02S 

3048625 

12.0416 

5-2536 

'9S 

38025 

7414875 

13.9643 

5.79H9 

146 

21316 

3112136 

12.0830 

5.2656 

196 

38416 

753953'' 

14.0000 

5.8088 

>47 

31609 

3176523 

12.1244 

5.2776 

197 

38R09 

7645373 

'4.0357 

S.8186 

148 

21904 

3241792 

12.1655 

5.2B96 

198 

39304 

7762392 

14^12 

5.828S 

149 

3220t 

3307949 

12.2066 

53015 

199 

39601 

7880599 

14.1067 

5.8383 

2- 

73 

id 

p 

■i 

■ 

TABLE  1« 

- — CpnijTtutdt 

■ 

■■ 

f 

Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  200  to  299. 

h 

No. 

1 

Squaic. 

Cube. 

Sq.  Root. 

Cu.  Root. 

No. 

Square. 

Cube. 

S(|.  Root. 

Cu.  Root. 

200 

40000 

8000000 

I4.I+3I 

5.84S0 

250 

62500 

15625000 

15.811+ 

6.:.rK' 

201 

40401 

8 1 20601 

14.1774 

S-8578 

251 

63001 

15813251 

15-8+30 

6.3  oSo 

" 

Z02 

40804 

8242408 

14.2127 

5.8675 

252 

63504 

16003008 

15-8745 
15.9060 

6.3  UH 

203 

41209 

8365427 

I  +  .2478 

5.8771 

253 

64009 

1619+277 

6.3247 

■_ 

204 

41616 

8489664 

14.2829 

5.8868 

254 

64516 

16387064 

159374 

6.3330 

1 

205 

42025 

8615125 

14.3178 

5.8964 

255 

65025 

16581375 

15.9687 

6.3413 

1 

206 

42436 

8741816 

14-3527 

5.9059 

256 

65536 

16777216 

16.0000 

6.3496 

1 

207 

42849 

8869743 

14.3875 

5-9155 

257 

66049 

16974593 

16.0313 

6.3579 

1 

208 

43264 

8998912 

14.4222 

5.9250 

258 

6656+ 

17I735«2 

16.062+ 

6.3661 

1 

209 

43681 

9129329 

14.4568 

5-9345 

259 

67081 

17373979 

«6.0935 

6.3743 

■ 

310 

44100 

9261000 

14-4914 

5-9439 

260 

67600 

17576000 

16.1345 

.  6.3835 

221 

44521 

9393931 

14.5258 

5-9533 

261 

6812I 

I 7779581 

16.1555 

6.3907 

212 

44944 

9528128 

14.5602 

5.9627 

261 

6^ 

17984728 

16.1K6+ 

6.3988 

313 

45369 

9663597 

14.5945 

5-9721 

263 

18191447 

16.3173 

6.+070 

K 

314 

45796 

98003+4 

14.6287 

5.9814 

26+ 

69696 

18399744 

16.1+81 

6.4151 

1 

3«5 

46225 

9938375 

14.6629 

5.9907 

265 

70215 

18609635 

16.2788 

64233 

1 

216 

46656 

10077696 

14,6^(69 

6.0000 

266 

70756 

18821096 

16.3095 

6.+312 

1 

217 

47089 

1021S313 

14.7309 

6.0092 

267 

71289 

19034163 

16.3+01 

6+393 

1 

218 

47524 

10360232 

14.7648 

6.0185 

268 

71824 

192+8833 

16.3707 

6.++73 

219 

47961 

10503459 

14,7986 

6.0277 

269 

72361 

19465109 

16.+013 

6.4SS3 

1 

220 

48400 

10648000 

14.8324 

6.0368 

270 

72900 

19683000 

16.+317 

6.4633 

1 

22t 

48841 

10793 861 

14.8661 

6.04S9 

271 

73441 

19902511 

I6.+62I 

64713 

1 

222 

49284 

10941048 

14.8997 

6.0550 

272 

73984 

20123648 

16^91+ 

6-4792 

1 

223 

49729 

1 1089567 

14.9332 

6.0641 

273 

74529 

20346417 

16.5337 

64872 

224 

50176 

11239+24 

14-9666 

6.0732 

274 

75076 

20570824 

16.5529 

64951 

225 

50625 

11390625 

15.0000 

6.0822 

275 

7562s 

20796875 
21024576 

16.5831 

6.5030 

226 

51076 

H543176 

15.0333 

6.0912 

276 

76176 

16.6133 

6.5108 

227 

51529 

11697083 

15.0665 

6.1002 

277 

767:9 

2 "253933 

16.6+33 

6.5187 

■_ 

228 

51984 

11852352 

15.0997 

6.1091 

278 

77284 

21+8+952 

16.6733 

6.5365 

1 

329 

52441 

13008989 

15.1327 

6.1180 

279 

77841 

31717639 

16.7033 

6.S343 

1 

230 

52900 

I 2 167000 

15.1658 

6.1269 

280 

78400 

21952000 

16.7332 

6.5+21 

1 

231 

53361 

1 2326391 

15.1987 

6.1358 

281 

78961 

221880+1 

16.7631 

6.5499 

1 

232 

53824 

I  2487168 
12649337 

»533iS 

6.1446 

282 

79524 

22425768 

16.7929 

6.5577 

1 

233 

54289 

15.2643 

6.1534 

283 

80089 

32665187 

16.8226 

6.565+ 

234 

54756 

I38129O4 

15.2971 

6.1622 

284 

80656 

2290630+ 

16.8523 

6.5731 

23  s 

55225 

12977875 

15-3297 

6.1710 

285 

81225 

231+9125 

16.8819 

6.5808 

236 

55696 

1 3 144256 

15.3623 

6.1797 

286 

81796 

23393656 

16.9115 

6.5885 

237 

56169 

>33«2053 

15.3948 

6.18H5 

287 

82369 

23639903 

16.94 1 1 

6.5962 

238 

56644 

13A81272 
13651919 

15-4272 

6.1972 

2R8 

82944 

23887872 

16.9706 

6.6039 

239 

S7»2i 

15.4596 

6.2058 

289 

83521 

2+137569 

17.0000 

6.6115 

Z4O 

57600 

13824000 

15-4919 

6.2145 

290 

84100 

2+389000 

17.0394 

6.6191 

241 

58081 

13997521 

155242 

6.2231 

291 

8+681 

2+6+2171 

17.0587 

6.6267 

242 

58564 

14172488 

»5S563 

6.2317 

292 

85264 

2+897088 

17.0680 

6.63+j 

243 

59049 

14348907 

15.5885 

6.2+03 

293 

85849 

25153757 

17.1172 

6.6+19 

244 

59536 

14526784 

15.6205 

6.2+88 

294 

86436 

2541218+ 

17.1461 
17.1756 

6.6494 

24s 

60025 

14706125 

156525 

6.2573 

295 

87025 

25672375 

6.6569 

2+6 

60516 

14886936 

15.6844 

6.2658 

296 

87616 

35934336 

17.2047 

6.664+ 

247 

61009 

15069223 

15.7162 

6.2743 

297 

88309 

26198073 

17-2337 

6.6719 

248 

61504 

15252992 

15.7480 

6.2828 

298 

88804 

26+63593 

17.2627 

6.679+ 

249 

62001 

15+38249 

15-7797 

6.2913 

299 

89401 

26730899 

17.2916 

6.6869 

1 

■ 

r 

r4 

_j 

i 

~ 

TABLE  165 

.—Continued, 

m 

■ 

Squames,  Cubes,  Sqijark  Roots  and  Cube  Roots  of  Nuvbers  from  300  to  399. 

1 

No. 

Square, 

Cube* 

Sq.  Root. 

Cu.  Root. 

No. 

Squ&re. 

Cube* 

Sq.  Root, 

Cu.  Root. 

300 

90000 

27000000 

17.3205 

5-^*1 

350 

121500 

42875000 

18.7083 

7.0473 

301 

90601 

27270901 

17-3494 

6.7018 

351 

113201 

43243551 

18.7350 

7-OS40 

302 

91204 

27543608 

17.3781 

6.7092 

352 

123904 

43614208 

18.7617 

7.0607 

303 

91809 

27818127 

17.4069 

6.7166 

353 

124609 

43986977 

18.7883 

7.0674 

304 

92416 

28094464 

17-4356 

6.7240 

354 

115316 

44361864 

18.8149 

7.0740 

305 

93025 

28372625 

17.4642 

6.7313 

355 

12602s 

44738875 

:ffi 

7.0807 

306 

93636 

28652616 

17.4939 

6.7387 

356 

126736 

45118016 

7.0873 

307 

94249 

28934443 

17.5214 

6.7460 

357 

137449 
128164 

45499293 

18.8944 

7.0940 

308 

94864 

2OJ18112 

17-5499 

6.7533 

358 

45882711 

18.9209 

7.1006 

309 

9548  > 

29503629 

17-5784 

6.7606 

359 

12888X 

46268279 

18.9473 

7.1072 

310 

96100 

29791000 

17.6068 

6.7679 

360 

129600 

46656000 

18.9737 

7-1 1 38 

3>l 

96721 

30080231 

17-6352 

6.7752 

361 

130321 

47045881 

19.0000 

7.1204 

312 

97344 
97969 

30371328 

17.6635 

6.7824 

362 

131014 
131769 

47437928 

19.0263 

7.1269 

313 

30664297 

17.6918 

6.7897 

363 

47832147 

19.0526 

7-»335 

314 

98596 

30959144 

17.7200 

6.7969 

364 

132496 

48228544 

19.0788 

7.1400 

3>5 

99225 

31255875 

17-7482 

6.8041 

365 

133225 

48627125 

19.1050 

7.1466 

316 

99856 

31554496 

17.7764 

6.8113 

366 

133956 

49027896 

19.1311 

71531 

317 

100489 

31855013 

17-8045 

6.8185 

367 

IJ4689 

49430863 

19-1572 

7-1596 

318 

Id  1 24 

32157432 

17-8326 

6.8256 

368 

135424 

49836032 

191833 

7,1661 

319 

101761 

32461759 

17.8606 

6.8328 

369 

136161 

50243409 

19.2094 

7.1726 

310 

101400 

32768000 

17.8885 

6.8399 

370 

136900 

50653000 

19.2354 

7.1791 

321 

10304 I 

33076161 

17.9165 

6.8470 

371 

137641 

5 10646 11 

19.2614 

7.1855 

322 

103684 

333862*8 
33698267 

17.9444 

^21*' 

372 

138384 

51478848 

19-2873 

7.1920 

323 

104329 

17.9722 

6.8612 

373 

139129 

51895117 

19.3132 

7.1984 

324 

104976 

34012224 

iS.oryvi 

6.8683 

374 

139876 

52313624 

19-3391 

7.2048 

325 

io;62; 

34328125 

18.0178 

6.8753 

375 

140625 

52734375 

19-3649 

7-2112 

326 

106276 

34645976 

18.0555 

6.8824 

376 

141376 

53157376 

19.3907 

7-2177 

327 

106929 

34965783 

18.0831 

6.8894 

377 

142129 

53582633 

194165 

7.2240 

328 

107584 

35287552 

18.1108 

6.8964 

378 

142884 

54OIOI52 

19-4422 

7-2304 

329 

10824 I 

35611289 

18.1384 

6.9034 

379 

143641 

54439939 

19.4679 

7.2368 

330 

10S900 

35937000 

18.1659 

6.9104 

3R0 

144400 

54872000 

19.4936 

7-2432 

331 

109561 

36264691 

18.1934 

6.9174 

3S1 

145161 

55306341 

19.5192 

7-2495 

332 

110224 

36594368 

18.2209 

6.9144 

3S2 

US924 

55742968 

19.5448 

7.2558 

333 

I 10889 

36926037 

18.2483 

6-93 » 3 

383 

146689 

56181887 

19-5704 

7.2622 

334 

111556 

37259704 

18.2757 

6.9382 

384 

147456 

56623104 

19-5959 

7.268s 

335 

I1222S 

37595375 

18.3030 

6.9451 

3«5 

148215 

57066615 

19-6214 

7-2748 

336 

1 12896 

37933056 

18.3303 

6.9521 

386 

148996 

57512456 
57960603 

19.6469 

7.2811 

337 

113569 

38272753 

18.3576 

6.9589 

387 

149769 

19.6723 

7.2874 

338 

"4244 

38614472 

18.3848 

6.9658 

388 

150544 

58411072 

19.6977 

7.2936 

339 

114921 

38958219 

18.4120 

6.9727 

389 

151321 

S8863869 

19.7231 

7.2999 

340 

115600 

39304000 

18.4391 

6.9705 

390 

152100 

59319000 

19-7484 

7.3061 

34« 

116281 

39651821 

18.1662 

6.9864 

391 

152881 

59776471 

19.7737 

?:ilS^ 

342 

I16./.4 

40001688 

18.4932 

6.9932 

3'J2 

'53664 

60236288 

19.7990 

343 

117649 

40353607 

18.5203 

7.0000 

393 

154449 

60698457 

19.8241 

7-3248 

344 

118336 

40707584 

»8.547» 

7.0068 

394 

155236 

61 162984 

19-8494 
19.8746 

7.3310 

346 

119025 

410^13625 
41421736 

18.5742 
18.6011 

7.0136 

.395 

156025 

61629875 

7-3372 

119716 

7.0103 

396 

156816 

62099136 

19.8997 

7-3434 
7-3496 

347 

120409 

41781923 

IH.6J79 

7.0271 

397 

157609 

62570773 

19.9249 

348 

I2IIO4 

42144191 

IH./.548 

7.0338 

398 

158404 

63044792 

19.9499 

7.3558 

349 

I2180I 

42508549 

18.6815 

7.0406 

399 

159201 

63521199 

19.9750 

7-3619 

? 

75 
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iBLE  165. 

S  AND  Cl' 

^ConlinJ^^^ 

H 

HI 

>  499- 

L'ARES,  Cubes,  Sot-are  Root 

BE  Roots  of  Numbers  from  400  xt 

No. 

Squan. 

Cube. 

.St).  Root. 

Ck.   Root, 

No. 

square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

400 

160000 

64000000 

10.0000 

7.3681 

450 

103500 

91125000 

21.2112 

7.6631 

401 

i6o8o[ 

64481201 

20.0250 

7.3742 

451 

203401 

91733*^5' 

2l.2?68 

7.6688 

402 

161604 

64964808 

20.0499 

7.3803 

452 

204^04 

92345408 

21.2603 

7.6744 

403 

162409 

65450827 

20.0749 

7.3864 

453 

205209 

92959677 

21.3838 

7.6801 

404 

163216 

65939*64 

20.0998 

7-39*5 

454 

20OI16 

935/6664 

21.3073 

7-6857 

405 

164035 

66430125 

20.1246 

7-3986 

455 

207025 

94196375 

21.3307 

7.6914 

406 

164836 

66923416 

20.1494 

7.4047 

456 

207936 

94818816 

21.3542 

7.6970 

407 

165649 

67419143 

20.1741 

7.410S 

457 

208849 

95443993 

21.3776 

7.7026 

408 

166464 

679173 «2 

20.1990 

7.4169 

458 

20<>764 

9^71912 

214009 

7.7082 

409 

16728 1 

68417929 

20.2237 

7.4229 

459 

210681 

96703579 

21.4243 

7.7138 

410 

168100 

68921000 

20.248  ^ 

7-42'>^ 

460 

211600 

97336000 

214476 

77194 

4" 

168921 

69426531 

20.2731 

7-4350 

461 

212521 

97972181 

214709 

7.7250 

4" 

169744 

69934518 

30.2978 

7.4410 

462 

2J.1444 

98611118 

31.494* 

7.7306 

413 

170569 

70444997 

20.3224 

7-4470 

4'>3 

214369 

99252847 

21.5174 

77362 

4«4 

171396 

70957944 

20.3470 

7-4530 

464 

215296 

99897344 

21.5407 

7.7418 

415 

173335 

7>473375 

20.3715 

7-4590 

465 

216225 

100544625 

21.5639 

7-7473 

4l6 

173056 

71991296 

20.3961 

7.4*^50 

466 

217156 

101194696 

21.5870 

77529 

4"7 

173889 

72511713 

204106. 

7.4710 

467 

218089 

101847563 

31.6102 

77584 

418 

»747M 

73034632 

30.4450 

7.4770 

468 

219024 

102503232 

21.6333 

7-7639 

4<9 

175561 

73560059 

20.4695 

7.48*9 

469 

219961 

103161709 

21.6564 

7-7695 

420 

176400 

74088000 

20.4939 

74889 

470 

220900 

103823000 

31.6795 

7-7750 

42« 

177341 

74618461 

20.5183 

7.4948 

471 

221841 

1044871 11 

21.7025 

7.7805 

4aa 

178084 

7S«5»448 

30.5436 

7.5007 

47* 

221784 

105154048 

21.7256 

7.7860 

423 

178929 

75686967 

20.5670 

7.5067 

473 

223729 

105833817 

21.7486 

7.7915 

4*4 

179776 

76225024 

20.5913 

7.5126 

474 

224676 

106496424 

21.7715 

77970 

415 

180635 

76765625 

20.6155 

7.5185 

475 

225625 

107171875 

21.7945 

7.«025 

416 

181476 

77308776 

20.6398 

7.5244 

476 

226576 

107850176 

31.8174 

7.8079 

417 

182329 

77854483 

30.6640 

7.5302 

477 

227529 

108531333 

21.8403 

21.8632 

7.8134 

4*8 

183184 

78402752 

30.6882 

7.5361 

478 

228484 

109215352 

7.8188 

429 

18404I 

78953589 

ZO.7123 

7.5420 

479 

229441 

109902239 

31.8861 

7.8*43 

430 

184900 

795070UO 

20.7364 

7-5478 

480 

230400 

1 10592000 

31.9089 

7-8*97 

431 

185761 

80062991 

20.7605 

7.5537 

481 

231361 

111284641 

21.9317 

7.8352 

43» 

186624 

80621568 

20.7846 

7-5595 

48* 

232324 

II1980168 

219545 

7.8406 

433 

1B7489 

81182737 

20.8087 

7-5654 

483 

233289 

112678587 

21.9773 

7.8460 

434 

188356 

81746504 

20.8327 

7-571* 

484 

234*56 

113379904 

22.0000 

78514 

436 

189225 

82312875 

20.8567 

7.5770 

485 

335*25 

II4084125 

22.0227 

7.8?6<E 

19001^ 

83881856 

20.8806 

7.58*8 

486 

236196 

114791256 

22.0454 

7.8622 

437 

190969 

83453453 

20.9045 

7.5886 

487 

237169 

115501303 

22.0681 

7.8676 

438 

191844 

84027671 

20.9284 

7.5944 

488 

338144 

I 16214272 

22.0907 

7.8730 

439 

192721 

84604519 

20.9523 

7.6001 

489 

239121 

116930169 

22.1133 

7.87«4 

440 

193600 

85184000 

30.9761 

7-6059 

490 

140100 

I17649WJO 

22.1359 

7.8837 

441 

19448" 

85766121 

3I.OOOO 

7.6117 

491 

241081 

"8370771 

22.1585 

7.8891 

442 

195364 

86350S88 

31.0238 

7.6174 

49* 

242064 

119095488 

22.1811 

7-8944 

443 

196349 

86938307 

21.0476 

7.623* 

493 

143049 

119823 157 

22.3036 

7.8998 

444 

197136 

87528384 

31.0713 

7.6289 

494 

244036 

120553784 

22.3361 

7.9051 

445 

198035 

88121125 

21.0950 

7.6346 

495 

146016 

121287375 

22.3486 

7.9105 

446 

19S916 

88716536 

21.1187 

7.6403 

496 

122023936 

32.3711 

7.9158 

447 

199809 

89314623 

21.1424 

7.6460 

497 

247009 

122763473 

22.2935 

7<?*il 

4*8 

300704 

8991539* 

21.1660 

7.6517 

498 

248004 

123505992 

22.3159 

79*64 

449 

201601 

90518849 

21.1896 

7-6574 

499 

149001 

1 2425 1 499 

22.3383 

7.9317 

1 

2 

76 

^ 

■ 

TABLE  165.— Coni 

iniud. 

^" 

^ 

P      Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  500  to  599. 

1 

No. 

1 

Square. 

Cube. 

Sq.  Rool, 

Cu.  Root. 

No. 

Sgii.'ire. 

Cube. 

Sq.  Root. 

Cu.  Root. 

f             500 

250OUO 

125000000 

22.3607 

7-9370 

550 

302500 

166375000 

23.45:1 

8.1933 

501 

25IOOI 

»2575'Soi 

22.3830 

79423 

551 

303601 

1672841 5 1 

23-4734 

6.1982 

502 

252004 

126506008 

22.4054 

79476 

552 

304704 

l68l966ofl 

234947 

8.2031 

503 

2530og 

127263527 

22.4277 

7.9528 

553 

305809 

169112377 

23.5160 

6.2081 

S<H 

254016 

1 28024064 

22.4499 

7.9581 

554 

306916 

170031464 

235372 

8.2130 

505 

255025 

128787625 

22.4722 

l-^ 

555 

308025 

170953875 

23-5584 

8.2180 

S06 

356036 

129554216 

22-4944 

556 

309136 

171879616 

23.5797 

6.2229 

S07 

257049 

130323843 

22.5167 

7.9739 

557 

310249 

172808693 

23.6of>R 

8.2278 

508 

258064 

131096512 

22.5389 

7.9791 

558 

311364 

173741113 

23.6330 

B.2327 

S09 

359081 

131872229 

22.5610 

7-9843 

559 

311481 

174676879 

33.6433 

8.3377 

Sio 

260100 

132651000 

22.5833 

7.9896 

560 

313600 

175616000 

23.6643 

8.2426 

Sii 

261 121 

133432831 

22.6053 

7.9948 

56: 

3 1473 I 

176558481 

23.6854 

8.2475 

5ii 

262144 

1342 I 7728 

32.6274 

8.0000 

562 

316969 

177504328 

23.7065 

8.2524 

51J 

263  i6t> 

i350O5(»97 

22.6495 

8.0052 

563 

178453547 

23.7376 

8.2573 

SH 

264196 

135796744 

22.6716 

8.0  toi 
8.0156 

564 

318096 

179406144 

33.7487 
33.7697 

8.2631 

5^5 

265225 

136590875 

22.6936 

56s 

319225 

1 803 62 1 25 

8.2670 

516 

266256 

137388096 

22.71^6 

S.0208 

566 

320356 

181321496 

33-7908 

8.2719 

5»7 

267289 

138188413 

23.7376 

8.0260 

567 

321489 
322624 

182284263 

23.811S 

8.2768 

518 

268324 

138991832 

22.7596 

8.03 1 1 

568 

183250432 

23.8328 

8.2816 

1 

5»9 

269361 

139798359 

22.7816 

8.0363 

569 

333761 

184320009 

a3-8537 

8.3865 

520 

270400 

140606000 

22.8035 

8.0415 

570 

324900 

185193000 

23.8747 

8.2913 

1 

i2I 

271441 

141420761 

22.8254 

8.0466 

571 

326041 

186169411 

23.8956 

8.2962 

1 

S" 

2724S4 

142236648 

32.8173 
22.8692 

8.0517 

572 

327184 

187149248 

23.9165 

8.3010 

1 

523 

373529 

143055667 

8.0569 

573 

328339 

188132517 

33.9374 

8.3059 

5^4 

274576 

143877824 

22.8910 

8.0620 

574 

329476 

189119224 

33.9583 

8.3107 

1 

525 

375625 

144703125 

22.9129 

8.0671 

575 

330625 

190109375 

23.9793 

8.3155 

1 
1 

526 

27O676 

145531576 

32.9347 
22.9565 

8.0723 

576 

331776 

191 102976 

24.0000 

8.3203 

527 

277729 

146363 183 

8.0774 

577 

332929 

192100013 

24.0208 

8.3251 

528 

278784 

147197952 

22.9783 

8.0825 

578 

334084 

193100552 

24.0116 

24.0624 

8.3300 

529 

379841 

148035889 

33.0000 

8.0876 

579 

335241 

I'M  104539 

8.3348 

530 

2809CX) 

148877000 

23.0217 

8.0927 

580 

336400 

195112000 

24.0832 

8.3396 

531 

281961 

14973 1291 

23.0434 

8.0978 

581 

337561 

1961 22941 

24.1039 

8-3443 

532 

283024 

150568768 

23.0651 

8.1028 

582 

338724 

197137368 

24.1247 

8.3491 

533 

384089 

151419437 

23.0868 

8.1079 

583 

339889 

198155287 

241454 
24.1661 

8.3539 

534 

385156 

152273304 

33.1084 

8.1130 

584 

341056 

1-/^176704 

8.3587 

lii 

286225 

>S3«30375 

23.1301 

8.1180 

585 

342225 

200201625 

24.1868 

8.3634 

387296 

153990656 

33"S17 

8.1251 

586 

343396 

201230056 

24.2074 

8.3682 

537 

388369 

154854153 

33"733 

8.1281 

587 

344569 

202262003 

24.2281 

8.3730 

538 

289444 

155720872 

23.1948 
23.3164 

8.133^ 

588 

345744 

203297472 

34-2487 
24.2693 

8.3777 

539 

390531 

156590819 

8.1382 

589 

346931 

204336469 

8.3825 

540 

391600 

157464000 

33-2379 

8.1433 

590 

348100 

20537(/)oo 

24.2899 

8.3872 

541 

292681 

158340421 

23-2594 

8.1483 

591 

349281 

206425071 

243105 

8.3919 

542 

293764 

159220088 

23.2809 

S*'523 

593 

350464 
351649 

20747468S 

243311 

8.3967 

543 

394849 

160 1 03007 

23.3024 

8.1583 

593 

208537857 

34.3516 

8.4014 

544 

395936 

1609B9184 

23.3338 

8.1633 

594 

352836 

209584584 

34-3731 

8.4061 

545 

297025 
398116 

161878625 

lllt& 

8.1683 

595 

354025 
355316 

210644875 

343926 

8.4108 

546 

162771336 

8.1733 

596 

211708736 

34.4131 

M«55 

547 

29';209 

163667323 

23.3880 

8.1783 

597 

356409 

357604 

212776173 

344336 

8.4202 

54B 

300304 

164566592 

334094 

8.1833 

598 

213847192 

344540 

8.4240 

549 

30I40I 

I0s46.;i49 

23-4307 

8.IH82 

5'>9 

358801 

214921799 

34-4745 

8.4296 

277 

J 
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TABLE  its.— Continued, 

^ 

H 

^M 

Squares,  Cubes,  Square  Roais  a.sd  Ci 

JBE  Roots  op  Numbers  from  600  to  699. 

No. 

Sjuare.     |      Cube. 

Sq.Root. 

1  Cu.  Root. 

No. 

Square. 

Cube. 

Sq.  Root. 

Cu.  Root. 

600 

360000    [216000000 

244949 

8-4343 

650 

422500 

274625000 

254951 

8.6624 

601 

361201      2170818OI 

24-5«53 

8.4390 

651 

423801 

275894451 

255147 

8.6668 

602 

362404     [218167208 

24.5357 

8.4437 

652 

425104 

277167808 

25  5343 

8.6713 

603 

363609 

219256227 

24-5561 

8.4484 

653 

426409 

278445077 

25  5539 

8.6757 

604 

X 

220348864 

24.5764 

84530 

654 

427716 

279726264 

25-5734 

8.6801 

605 

221445125 

245967 

8-4577 

655 

429025 

281011375 

25.5930 

8.6«45 

606 

367236 

222545016 

14.6171 

8.4633 

656 

430336 

282300416 

25.6115 

8.6890 

607 

368449 

223648543 

24.6374 

84670 

657 

431649 

283593393 

25.6320 

8.6934 

608 

369664 

224755712 

24-6577 

8.4716 

658 

432964 

284890312 

35.6515 

8.6978 

609 

370881 

225866529 

24.6779 

8.4763 

659 

434^1 

286191179 

25.6710 

87033 

610 

372100 

226981000 

24-6982 

8-4809 

660 

455600 

287496000 

256905 

8.7066 

611 

373321 

22809913  I 

24.7184 

8.4856 

661 

436921 

188804781 

25-7099 

8  71 10 

61J 

374544 

229220928 

24.7386 

8.4902 

662 

458244 

3901 17528 

25.7294 

8.7154 

613 

375769 

230346397 

24-7588 

8.4948 

663 

439569 

291434147 

25-7488 

8.7198 

614 

376996 

231475544 

232608375 

24-7790 

8.4994 

^^ 

440896 

292754944 

25.7682 

8-7241 

615 

37822s 

24.799a 

8.5040 

665 

442225 

294079625 

25.7876 

8.7285 

616 

233744896 

24.8193 

8.5086 

666 

443556 

295408296 

25.8070 

8.7329 

617 

2348851 13 
236029032 

24-8395 

8.5132 

667 

444889 
446224 

296740963 

25.8263 

8.7373 

618 

381924 

24-8596 

8.5178 

668 

298077632 

25-8457 

8.7416 

619 

383161 

237176659 

24.8797 

8.5224 

669 

447561 

299418309 

25.8650 

8.7460 

620 

384400 

238328000 

24-8998 

8.5270 

670 

448900 

300763000 

25.8844 

8.7503 

621 

385641 

239183061 
HO64I848 

249199 

8.5316 

671 

450141 

302111711 

259037 

87547 

622 

3868S4 

249399 

8.5362 

672 

451584 

303464448 

25.9230 

8.7590 

623 

388129 

241804367 

24.9600 

8.5408 

673 

452929 

304821217 

25-9422 
25.9615 

87634 

624 

389376 

242970624 

24.9800 

85453 

674 

454276 

306182024 

8.7677 

625 

390625 

244140635 

25.0000 

85499 

675 

455625 

307546875 

35.9808 

8.7721 

626 

391876 

245314376 

25.0200 

8.5544 

676 

456976 

308915776 

26.0000 

8.7764 

627 

393 > 29 

246x91883 
247673152 

25.0400 

85590 

677 

458329 

310288733 

16.0192 

8.7R07 

628 

394384 

25-0599 

8.5635 

678 

459684 

311665752 

26.0384 

87850 

629 

39564" 

148858189 

25.0799 

8.5681 

679 

461041 

313046839 

26.0576 

8.7893 

630 

396900 

250047000 

25-0998 

8.5726 

680 

462400 

314432000 

26.0768 

8.7937 
8.7960 

6ji 

398161 

25»239S9> 

25.1197 

8-5772 

681 

463761 

315821241 

26.0960 

632 

W 

252435968 
253636137 

25.1396 

8.5817 

682 

465124 

3 I 72 14568 

26.1151 

8.8013 

633 

25.1595 

8.5862 

683 

4664B9 

318611987 

26.1343 

8.8066 

634 

401956 

25x840104 
256047875 

i5-J794 

8.5907 

684 

467856 

320013504 

26.1534 

8.8109 

635 

403225 

25.1992 

85952 

685 

469225 

321419125 

26.1725 

8.8152 

636 

404496 

257259456 

25.2190 

8.5997 

686 

470596 

322828856 

36.1916 

8.8194 

637 

405769 

258474853 
259694072 

15.2389 

86043 

687 

471969 

324342703 
325660672 

26.2107 

8.8237 

638 

407044 

25  2587 

860S8 

688 

473344 

26.2398 

8.8380 

639 

408321 

260917119 

25.2784 

86132 

689 

474721 

327082769 

36.2488 

8.8323 

640 

409600 

262144000 

25.2982 

86177 

690 

476100 

328509000 

36.3679 

8.8366 

641 

410881 

263374721 

25.J180 

8.6212 

69t 

477481 

339939371 

26.2869 

8.8406 

6+2 

412164 

264609188 

25.3377 

8.6267 

692 

478864 

331373888 

36.3059 

8.840 

643 

413449 

265847707 

25-3574 

8.6312 

693 

480349 

332812557 

26.3349 

8.S493 

644 

414736 
416025 

267089984 

25-3772 

8.6357 

694 

481636 

334255384 

26.3439 
36  3629 

8.8516 

645 

268336125 

253969 

8.6401 

695 

483025 

335702375 

88578 

646 

417316 

269586136 

254165 

8.6446 

696 

484416 

337153536 

26.3818 

88621 

647 

418609    1 270840023 

25  4362 

86490 

697 

485809 

338608873 

364008 

8.866t 
8,8706 

648 

41990+     272097792 

25-4558 

86535 

698 

487204 

340068392 

26.4197 

649 

421201       273359449 

25-4755 

8.6579 

699 

4B8601 

341532099 

16.4386 

8.8748 

i 

F 

» 
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TABLE  165,— CanUnued, 

■ 

Squares.  Cubes.  Square  Roots  and  Cube  Roots  of  Numbers  from  700  to' 799. 

No. 

S<iuafc. 

Cube. 

5q.  Rool, 

Cii.  Root. 

No. 

SQuare. 

Cube. 

5q.  Rooc. 

Cu.  Root. 

700 

49UUUO 

343000000 

26.4575 

8.8790 

750 

562500 

421875000 

37.3861 

9.0856 

701 

4<>l40l 

344472 101 

264764 

8.8833 

751 

564001 

413564751 

27.4044 

9.o8<>5 

702 

492804 

34594840^ 

26.4955 

8.8875 

752 

565504 

425259008 

27.4226 

9.0937 

703 

494209 

347428927 

16.5141 

8.8917 

753 

567009 

426957777 

27.4408 

90977 

704 

495616 

3489I3«H 

26.5330 

8.8959 

754 

568516 

428661064 

27-4591 

91017 

70; 

497025 

350402625 

26.5518 

8.9001 

755 

570025 

43036887s 

27.4773 

91057 

706 

498436 

351895816 

26.5707 

8.9043 

756 

571536 

432081216 

27-4955 

9.1098 

707 

499^49 

353393243 

26.5H95 

8.9085 

757 

573049 

433798093 

27.5136 

9.1138 

' 

708 

501264 

354894912 

16.6083 

8.9117 

758 

574564 

435519512 

27.5318 

9.1178 

709 

50263 I 

356400829 

26.6271 

8.9169 

759 

576081 

437245479 

27.5500 

9.1118 

710 

504100 

357911000 

26.6458 

8.911 1 

760 

577600 

438976000 

27.5681 

9.1258 

711 

50=;5ii 

3 5942543 t 

26.Wi46 

8.935} 

761 

57912I 

440711081 

27-5861 

9.1298 

7ti 

So'i9H 

360SM4128 

26.6833 

8.939s 

762 

;Ho644 

442450728 

37.6043 

9.1338 

7M 

50S369 

362467097 

26.702 1 

8.9337 

763 

582169 

444W4947 

27.6225 

91378 

71  + 

509796 

363994344 

26.7208 

8.9373 

764 

583696 

445943744 

27.6405 

91418 

71S 

511225 

365525875 

26.7395 

8.9420 

fd 

585225 

447697125 

27.6586 

9.1458 

716 

512656 

367061696 

26.7582 

8.9461 

586756 

449455096 

17.6767 

9.1498 

717 

S 14089 

368601813 

26.7769 

8.9503 

767 

588289 

451217663 

27.6948 

91537 

718 

515514 

370146232 

26.7955 

8-9545 

768 

589824 

4529R4832 

27.7128 

91577 

719 

516961 

371694959 

26.8142 

8.9587 

769 

591361 

454756609 

17.7308 

91617 

720 

51S400 
SI9«4I 

373248000 

26.8328 

8.9638 

770 

592900 

456533000 

277489 

9.1657 

711 

374805361 

26.8514 

8.9670 

771 

594441 

45831 40 n 

17.7669 

9.1696 

721 

521284 

376367018 
377933067 

26.8701 

8.9711 

772 

595984 

46ooi/>S48 

27.7849 

91736 

7iJ 

522729 

26.8887 

8.9752 

773 

597529 

461889917 

17.8029 

9-1775 

7H 

524176 

379503424 

26.9072 

8.9794 

774 

599076 

463684814 

17.8209 

9.1815 

7i5 

525625 

3 8 1078 I 25 

26.9258 

8.983s 
8.9876 

Hi 

6oo6« 

4654R4375 

27.8388 

91855 

726 

527076 

382657176 

36.9629 

602176 

467288576 

17.8568 

9.1894 

727 

538529 

38+240583 

8.9918 

777 

603729 

469097433 

27-8747 

91933 

728 

529984 

385828352 

16.9815 

8.9959 

778 

605284 

470910952 

27.8927 

91973 

719 

53J441 

387420489 

17.0000 

9.0000 

779 

606841 

472729<39 

27.9106 

9.1011 

730 

532900 

3S9017000 

27.0185 

9.0041 

780 

608400 

474551000 

27.9285 

9.1051 

731 

534361 

390617891 

27.0370 

9.0082 

781 

609961 

476379541 

47821 1768 

27.9464 
17.9643 

9.1091 

732 

535824 

392223 16S 

27.0555 

90123 

782 

611524 

92130 

7JJ 

537289 

393832837 

27.0740 

9.0164 

783 

6130S9 

480048687 

27-9821 

9.2170 

73+ 

538756 

395446904 

27.01)24 

9.0305 

784 

611656 

616225 

481890304 

28.0000 

9.3209 

735 

540225 

397065375 

27.1109 

9.0246 

Td 

483736625 

28.0179 

9.2248 

736 

541696 

398688256 

27.1293 

9.0387 

617796 

485587656 

28.0357 

9.2287 

737 

543169 

40O3J5553 

171477 
17.1662 

9.0338 

787 

619369 

487443403 

28.0535 

9.2326 

73S 

544644 
546121 

401947272 

9.0369 

788 

620944 

4S9303872 

18.0713 

92365 

739 

403583419 

17.1846 

9.0410 

789 

622521 

491169069 

38.089X 

9.2404 

740 

547600 

405124000 

27' 2029 

9.0450 

790 

624100 

493039000 

28.1069 

9.2443 

741 

54*^1 

406869021 

17-2213 

90491 

791 

625681 

494913671 

28  1247 

9.2482 

742 

550564 

40851H488 

^7  2397 

9.0532 

791 

627164 

496793088 

28.1125 
28.1603 

9.2521 

743 

552049 

410172407 

17.2580 

9.0571 

793 

628849 

498677257 

9.2560 

744 

553536 

411830784 

27.2764 

9.0613 

794 

630436 

500566184 

38.1780 

9-2599 

745 

555015 

413493625 

17.2947 

9.0654 

?^ 

63202c 
633616 

502459875 
501358336 
506261573 

28.1957 

9.2638 

746 

556516 

415160936 

17.3130 

9.0694 

18.2135 

9.2677 

747 

558009 

416832723 

27.3313 

9073s 

797 

635209 

18.2311 

9.2716 

74K 

559504 

418508992 

273496 
17.3679 

90775 

798 

636804 

508169592 

18.2489 

92754 

749 

561001 

420189749 

90816 

799 

638401 

5I0083?<J9  18.3666 

9-279; 

2 

79 

^^^      TABLE  165 

. — Continued. 

^M 

Squares,  Cubes,  Square  Roots  and  Cube  Roots  of  Numbers  from  800  to  899,    1 

No. 

Square. 

Cube. 

Sq.Root. 

Cu.  Root. 

No. 

Square. 

Cube, 

Sq.  Root. 

Cu.  Root. 

Boo 

640000 

512000000 

28.2843 

9.2832 

850 

722500 

6141350OO 

29.1548 

94727 

801 

64UCJ 

51392240" 

28.3019 

9.2870 

851 

724201 

616295051 

29.1719 

94764 

802 

643204 

515849608 

28.3196 

9.2909 

852 

725904 

618470208 

29.1890 

9.4801 

803 

644809 

517781627 

28-3373 

9.2948 

853 

727609 

620650477 

29.2062 

94838 

»04 

646416 

519718464 

28.3549 

9.2986 

854 

729316 

622835864 

29.2233 

94875 

80s 

64802s 

521660125 

28.3725 

9.3025 

85s 
856 

73102s 

62502637? 
627222016 

29.2404 

94912 

B06 

649636 

523606616 

28.3901 

9.3063 

732736 

29.2575 

94949 

807 

651249 

525557943 

28.4077 

9.3102 

857 

736164 

629422793 
631628712 

29.2746 

94986 

808 

652B64 

527514112 

28.4253 

9.3140 

858 

29.2916 

95023 

809 

654481 

529475129 

28.4429 

9-3  <  79 

859 

737881 

633839779 

29.3087 

9-5060 

810 

656100 

53144IOOO 

28.4605 

9.3217 

860 

739600 

636056000 

29.3258 

9.5097 

811 

6577II 

5354n73i 

28.4781 

93255 

861 

741321 

638277381 

29.3428 

9.5134 

8l3 

& 

535387328 

28.4956 

9-3294 

862 

743044 

640503928 

29.3598 

9.5171 

813 

537367797 

28.5132 

9-3332 

863 

744769 

642735647 

29.3/69 

9.5207 

~ 

814 

662596 

539353144 

28.5307 

93370 

864 

746496 

644972544 

29-3939 

9-5244 

815 

664225 

541343375 

28.5482 

9.3408 

865 

748225 
749956 

647214625 

294109 

9.5281 

816 

665856 

543338496 

28  5657 

9.3447 

866 

649461896 

29.4279 

9-5317 

817 

667489 

545338513 

28.5832 

93485 

867 

751689 

651714363 

39r4449 

9-5354 

SI8 

669124 

547343432 

28.6007 

9-3523 

868 

753424 

653f;72032 

294618 

9S39I 

819 

670761 

549353*59 

28.6181 

9.3561 

869 

755 161 

656234909 

294788 

9.5427 

820 

672400 

551368000 

28.6356 

9.3599 

870 

756900 

658503000 

29.4958 

95464 

821 

674041 

553387661 

28.6531 

9-3637 

871 

758641 

6607763 1 1 

29.5127 

9.5501 

822 

675684 

555412248 

28.6705 

9-3675 

872 

760384 

663054848 

29.5:96 

9-5537 

823 

677329 

557441767 

28.6880 

9.3713 

873 

762129 

665338617 

29.5466 

9-5574 

824 

678976 

559476224 

28.7054 

9375" 

874 

763876 

667627624 

29.5635 

9.5610 

825 

680625 

561515625 

28  7128 

9.3789 

875 

765625 

669921875 

29.5804 

95647 

826 

682276 

563559976 

28.7402 

9-3827 

876 

767376 

672221376 

29.5973 

9-5683 

827 

6R3929 

565609283 

28.7576 

9-3865 

877 

769129 

674526133 

29.6142 

9-5719 

818 

685584 

567663552 

28.7750 

9.3902 

878 

770884 

676836152 

29.63 1 1 

95756 

829 

687241 

569722789 

28.7924 

9-3940 

879 

772641 

679151439 

29.6479 

9.5792 

830 

688900 

571787000 

28.8097 

9.3978 

860 

774400 

681472000 

29.6648 

9.5828 

831 

690561 

573856191 

28.8271 

9.4016 

881 

7761 61 

683797841 

29.6816 

9.5865 

832 

692224 

575930368 

28.8444 

9-4053 

882 

777924 

686128968 

29-6985 

95901 

833 

693889 

578009537 

28.8617 

9.4091 

883 

779689 

6884653 87 

29.7153 

9-5937 

834 

695556 

580093704 

28.8791 

94129 

884 

781456 

690807104 

29-7321 

9-5973 

«35 

697225 

582182875 

28.8964 

9.4166 

885 

783225 

693154125 

29.7489 

9/010 

836 

698896 

584277056 

28.9137 

9-4204 

886 

784996 

695506456 

29.7658 

9.604^ 

837 

700569 

586376253 

38.9310 

9.4241 

887 

786769 

697864103 

29  7825 

9ycSj 

838 

702244 

588480472 

28.9482 

9.4279 

888 

788544 

700227072 

29.7993 

9.'.(tS 

B39 

703921 

590589719 

28.965s 

943  >6 

889 

790321 

70J595369 

29.8161 

9.6154 

1 

R40 

705600 

592704000 

28.9828 

9-4354 

890 

792100 

704969000 

2Q.8329 

9.6190 

841 

707281 

594823321 

29.0000 

9-4  39 « 

891 

7f>^^8i 

707347971 

29.8496 
29.8664 

9.6226 

842 

708964 

596947688 

29.0172 

9-4429 

892 

795664 

709732288 

9y.j6: 

«43 

710649 

599077107 
601211584 

29.034s 

9.4466 

893 

797449 

712121957 
714516984 

39.8831 

9.6  29S 

844 

712356 

2g.oqi7 

94503 

894 

709236 

29.8998 

9-6334 

84s 

7140^5 

603351125 

290689 

9.4541 

R95 

801025 

716917375 

19.9166 

96370 

846 

715716 

605495736 

39.0861 

9-4578 
9.4615 

896 

802816 

71.9323136 

29-9333 

9.640^. 

847 

717409 

607645423 

29.1033 

897 

804609 

721734273 

29.9500 

9<-'M- 

848 

719104 

609800192 

29. 1 204 

29.1376 

94652 

898 

806404 

721150792 
726572699 

29.9666 

9^477 

1 

849 

7:0801 

61  !'/ioo49 

9.4690 

899 

808201 

29.9833 

9.6513 

k 

k 

2 
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TABLE  16S 

. — Continued. 

m 

■ 

r 

Squares.  Cubes.  Square  Roots  akd  Cube  Roots  of  Numbers  from  900  to  999. 

1 

No. 

Square. 

Cube.    Sq.  Root. 

Cu.  Root. 

No. 

Squjjt. 

Cube. 

Sq.  RooL.  I 

Cu.  Root. 

900 

Sioooo 

739000000 

30.0000 

9-6549 

950 

902500 

857375000 

30.8221 

9.830s 

901 

SiiSoi 

73 143 2701 

30.0167 

9.6585 

951 

904401 

860085351 

30.8383 

9-8339 

902 

813604 

733870808 

30.0333 

9.6620 

952 

906304 

862801408 

30.8545 

98374 

903 

815409 

736314327 

30.0500 

9.665G 

953 

908309 

865523177 

30.8707 

9.8408 

9<H 

817216 

738763264 

30.0666 

9.6692 

954 

9IOII6 

868250664 

30.8869 

9-8443 

90s 

819025 

741217625 

30.0831 

9.6727 

955 

912015 

870983875 

30.903  I 

9.8477 

906 

820836 

743677416 

30.09^)8 

9.6763 

956 

913936 

873731816 

30.9191 

9-8511 

907 

812649 

746142643 

30.1164 

9.6799 

957 

915849 
917764 

876467493 

30.9354 

98546 

90s 

824464 

748613312 

30-1330 

9.6834 

958 

879217912 

30.9516 

9.8580 

909 

826281 

751089429 

30.1496 

9.6870 

959 

9I968I 

881974079 

30.9677 

9.8614 

910 

838100 

7S357I000 

30.1661 

9.6905 

960 

931600 

884736000 

30.9839 

9.8648 

qil 

82(^21 

756058031 

30.1828 

9.6941 

961 

923521 

887503681 

31.OUUJ 

9.8683 

912 

831744 
833569 

758550528 

30.1993 

9.6976 

962 

925444 
927309 

890277128 

31.0161 

9.8717 

913 

761048497 

30.1159 

9.7013 

963 

893056347 

31.0333 

9-8751 

914 

835396 

763551944 

30.3324 

9.7047 

964 

929296 

895841344 

31.0483 

9.8785 

915 

837225 

766060875 

30.2A90 
30.2655 

9.7082 

965 

931225 

898632125 

31-0644 

9.8819 

916 

839056 

768575296 

9.7118 

966 

933156 

901428696 

31.0805 

9.8854 

1 

917 

840889 

771095213 

30.2820 

9.7153 

967 

935089 

904331063 

31.0966 

9.8888 

' 

9t8 

842724 

773620632 

30.3985 

9.7188 

968 

937024 

907039232 

31.1137 

9.8921 

1 

«ji9 

844561 

776151559 

30.3150 

9.7124 

969 

938961 

909853209 

31.1388 

9.8956 

1 

920 

846400 

778688000 

30.3315 

9.7359 

970 

940900 

912673000 

31.1148 
311609 

9.8990 

921 

84S24I 

781229961 

30.3480 

9.7294 

971 

942841 

91 5498611 

9.9024 

921 

850084 

7«3 777448 
786330467 

30.3645 

9.7329 

972 

944784 

918330048 

31.1769 

9.9058 

923 

851939 

30.3809 

9.7364 

973 

946739 

921167317 

31.1939 

9.9093 

9H 

853776 

788889024 

30.3974 

9.7400 

974 

948676 

924010424 

31.2090 

9.9136 

925 

855615 

79«453'25 

30.4138 

9-7435 

975 

950625 

92685937s 

31-2250 

9.9160 

926 

857476 

794022776 

30.4302 

9.7470 

976 

952576 

939714176 

31.3410 

9-9194 

927 

859329 

796597983 

30.H67 

9-7505 

977 

954529 

932574833 

31.2570 

9.9237 

928 

861184 

799178752 

30.4631 

9.7540 

978 

956484 

935441352 

31-2730 

9.9261 

929 

863041 

801765089 

30.479s 

9-7575 

979 

958441 

93*313739 

31.3890 

9.9295 

930 

864900 

8043571XW 

30.4959 

9.7610 

980 

960400 

941193000 

31-3050 

9-9329 

931 

866761 

806954491 

30.5123 

9-7645 

981 

963361 

944076141 
946966168 

31.3309 

9.9363 

932 

868624 

809557568 

30.5287 

9.76R0 

981 

964324 

313369 

9.9396 

933 

870489 

812166337 

30.5450 

9-7715 

983 

966289 

949862087 

313528 

9-9430 

934 

872356 

814780504 

30.5614 

9.7750 

984 

968156 

952763904 

31.3688 

9.9464 

935 

876096 

817400375 

30.5778 

9.7785 

985 

970115 

955671625 

31-3847 

99497 

956 

820015856 

30.5941 

9.7819 

986 

973196 

958585256 

31.4006 

9-9531 

937 

877969 

822656953 

30.6105 

9.7854 

987 

974«69 

961504803 

31.4166 

9.9565 

938 

879844 

825293672 

30.6168 

9.7889 

988 

976144 

964430272 

31-4325 

9.9598 

9.9632 

939 

88173I 

837936019 

30.6431 

9-7924 

989 

978iai 

967361669 

31-4484 

940 

883600 

830584000 

30.6594 

9-7959 

990 

960100 

9702990OU 

314643 

9-9666 

941 

885481 

833237611 

30.6757 

97*^3 

991 

981081 

97U42271 

31-4803 

9.9699 

942 

8H7364 

83589688H 

30.6930 

9.8028 

992 

984064 
986049 

976191488 
979146657 

31-4960 

9-9733 

943 

889249 

838561807 

30.7083 

9.8063 

993 

31.5119 

9.9766 

944 

891136 

841232384 

30.7246 

9.8097 

994 

988036 

983107784 

31-5278 

9-9800 

945 

893025 

843908635 

30-7409 

9.8131 

995 

99Uii35 

985074875 

315436 

99833 

940 

894916 

846590536 

30-7571 

9.8167 

996 

992016 

988047936 

31-5595 

9.9866 

947 

896809 

849278123 

30.7734 

9.8101 

997 

994009 
996004 

991026973 

31.5753 

9.9900 

948 

898704 

851971392 

30.7896 

9.8236 

998 

994011992 

31.5911 

9-9933 

949 

900601 

854670349 

30.8058 

9.8270 

999 

998001 

997001999 

31-6070 

9-9967 

67 
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" A^'.Deirick 468,  472 

Abutments,   Britlge,  245,  250,  252,  253,  254, 

255.  256.  267 

Aggregate  for  concrete 241,  272 

Algebraic  moments 561,  562,  563 

Algebraic  resolution 552,  558.  559.  S^o 

Alloy  steels 487,  495,  519 

Alternate  stresses 57,  141.  206,  209 

Allowable  pressures  on  foundations,  236,  249, 

250.  386 
Allowable  pressures  on  nuLsonry,  56,  75,  236, 

249.  379 
Allowable  stresses,  56,  57,  80,   105,  141,  209. 

362.  379.  382 
"  *'       in  bearing    plates,    56,    75, 

236.  379 

"  "        "  cast  iron 65.  104 

"  *'        '•  concrete 520,  521 

"  "        "  highway  bridges,  117,  141 

"  "         "  hoisting    rope,    342,    443, 

"  "        "  mamla  rope 443 

"  "        "  mill  hulMinKs 8.    57 

"  "         *•  office  buildings.  .  .79,  105 

"  "        "  railway  bridges,  173.  205, 

20Q 

'*  "        '*  rivets 370 

**  "        "  stand-pipes 387.  3" 

"  Hleel 495 

"  "        "  steel  reinforcement.  .  521 

"  "        "  steel  tanks 379 

"  "         "  timl>er,  58,  138,  204,  208. 

298 
"  "        "  wire  rope. .  .342.  443.  444 

**        "  wrought-iron,65, 104,  495 

Allowance  .or  draw 223 

Aluminum 519 

Aluminum  bronjEe 520 

Anchors 62,  94.  95,  144,  212 

Anchors,  Wall 105 

Anchor  bolts I05,  147,  381,  484 

Anchorage. 144,  381,  484 

An^le  of  friction,  236,  300,  301,  302,  31 1.  312 
Anglf  of  repose,  236,  300,  301,  302,  311.  312, 

321 
Angle  connections.  65.  145,  404.  407.  408.  413. 

^      4J".  574 

Angle  rtmnections.  Cost  of 430 

Angle,  Detail  of 409 

Angle  strut 409,  57*,  576 

Angle* 410.  416.  417,  4t8,  427 

Angles  fastened  by  both  legs 141,  207 


PACK 

Angles,  Minimum  .  .60,  142,  143,  206,  211,  223 

Angles,  Overrun  of.  . ,  .,^  ,,, 221,  411 

Angles,  Starred 578 

Angles  in  tension 573 

Annealing 63.  146,  214,  217.  480 

Anthracite  coal  bin .  .300,  301,  302,  304 

Anthracite  coal,  Weight  of 311 

Anli-cundensation  lining,  28.  29,  31,  52,  53,  59, 
439 

Anti-condensation  lining,  Cost  of 439 

Arbitration  bar 489,  490 

Arch 266 

Arch,  Masonry 271 

Arch,  Roof 13,    14 

Arris 267 

Ash  bin 300,  301 .  302.  306 

Ashes,  Weight  of 69,  300.  31 1 

Ashlar 267 

Ashlar  masonry 370 

Ashlar  stone 269 

Asbestos 28,  29,  52,  53,  59,  439 

Asbestos,  Cost  of 439 

Asbestos  covcretl  steel  sheets 38 

Asphalt 178,  l8x,  183,516 

Asphalt  paint 516 

Auger 461 

A\'crage  cost  of  sic^l 433 

Backing 267.  270,  271 

Baclcing-out  punch 452,  462 

Ballasted  floor 178.  194 

Ballasted  floor  trestle 284 

Ballast,  Weight  of 204,  208 

Baltimore  bridge  truss 109,  560,  566 

Bars ,62,  416,  426 

Bars,  Lacing 414,  598 

Minimum 60.  142,  207 

Shop  cost  of 431 

Bates.  Cast-iron  column .92,  93,  94,  104 

Bases.  Column. .,«.., 104 

Base  platen , 62 

Batten  plates 61 1  143,  21 1 

Batter 249.  267,  277 

IVitter  of  columns 380 

Batter  pile 279 

Bay 3 

Beam  bridges,  I08,  IIO,  II7,  1 18,  119,  120,  121, 
149 

Beam  bridges,  Weight  of II3 

Beams 404,  407.  408.  416.  4X8 

Deflection  of 533 

Details  of 82,  407,  408 
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Beams,  Flexure  in 533 

Reinforced  concrete 546 

Rolled 58,  104,  142 

Separators  for 83 

Shop  cost  of 430 

Shear  in 533,  542 

Stresses  in,  529,  536,  537.  538,  539.  540,  541, 

Beanng  pile 279 

Bearing  plate 75,  379,  586 

Bearing  power  of  piles 75,  477 

Becket 448,  480 

Bed 267 

Bed  plates 66,  144*  146,  217,  484 

Bench  wall 267 

Bending  moment 160,  529 

Bending  moment  tables x66,  167 

Bending  moments  in  railway  bridges,  163,  164, 
165,  166,  167,  171,  172 

Bending  stresses  in  wire  rope 344 

Bent 277 

Bent,  Transverse 12,  556 

Bessemer  pig  iron 4S7 

Bessemer  steel 487,  494,  497,  507 

Bethlehem  H-columns 405 

Bevels 411 

Beveled  washer 571 

Bill  of  castings  for  Howe  truss 289 

mat3rial 389,  425 

rivets 400 

timber 288,  473 

Billet-steel  reinforcement 507 

"Bite"  of  a  line 481 

Bin  gates. 362 

Bins 299.  319,  362 

Bins,  Grain 319 

Bins,  Cost  of 429,  433,  434,  436 

Bins,  Cost  of  erection  of. 436 

Blister  steel 487,  493 

Blocks  for  Manila  rope 446,  448,  450 

Blocks  for  wire  rope 447,  449 

Boiler  steel 431 ,  505 

Bolsters 144,  212 

Bolts,  65,  95,  143,  145,  211,  216.  287,  297,  458 
Boits,  Anchor,  see  "Anchor  bolts" 

Bolts,  Falsework 458 

Bolts,  Turned 65,  145 

Bond 267,  270,  521,  526,  547 

Bond  in  concrete 521 ,  526,  547 

Boom 468,  469,  470,  471 

Brace,  Shop  details  of 394 

Bracing.  4,  9,  18,  55,  62,  97,  98,  100,  105,  137, 
212,  223,361,381 

lateral 62,  137 

Transverse 9,  18,  62,  137,  223,  361 

Weight  of 4 

Wind .55,  62,  98,  loo,  loi,  102 

Bracket 97 

Brass 520 

Brass,  Weight  of 69 

Break-water 249 

Brick 428 

Brick  floor 8,    34 

Brick>  Weight  of 69,  237 
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Bridge  abutments,  245,  250,  252,  253,  254.  255 

-  clearances 137,  200 

erection 395.  429,  441.  485 

floors ii2h,  178.  179,  180,  181,  182 

giers 245,  255,  257,  258,  259,  260 
ignal 157 

span,  Length  of 137 

specifications 137,  185,  208 

mop  cost  of 434 

trusses 107,  137,  149,  401 

trusses.  Stresses  in 558,  569 

Steel  for 499 

Timber 27>.  285 

Types  of 137,  207 

Waterway  for 250 

Weight  of 112, 150,  151,  157 

Bronze 530 

Build 267 

Building  columns 19,  20,  3i,  84,  93 

Floor  plan  for 81 

Founclations  for 94 

Height  of 55 

materials 69 

jMper 28 

Builaings,  Specilicacion  for 55,  X03,  497 

Steel  office 69 

Waterproofing 76 

Weight  of  tall  steel 70 

Buckle  plates 132.  138.  315,  359,  360 

Bulb  angles 418 

Built-up  tendon  members 574 

Bulkhead 277,  297 

Bull  wheel 469 

Bunkers,  Suspension 309,  315,  316 

Burlap 178   179,  180,  181,  182,  243 

Caisson 94 

Capes 346,  362 

Cam's  formulas  for  retaining  walls 230 

Calculation  of  stresses  in  tall  buildings. ...     76 

Calculation  of  stresses  in  highway  bridges,  117, 

^558 

Calculation  of  stresses  m  railway  bridges. .   164 

Camber 14,  144,  206,  207,  212,  213 

Camel  back  truss 109,  558,  567 

Cant  hook 458 

Cantilever  bridge 1 10 

Cantilever  beam 536 

Cap 277.  279,  296 

Capacity  of  coal  tipples 355,  356 

Car  puller 337 

Car,  Push 459 

Carbon 488,  494,  514 

Carbon  steel 149.  152,  173 

Card  of  mill  extras 430,  431 

Carrying  hook  458 

Cast  iron 65,  104,  215,297,384,487,488 

column  bases 92,  93,  94 

details 286,  287 

separators 83 

Weight  of 69 

Castings,  Steel 63,  66,  510 

Caulking 380,  386,  387 

plates 380 
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Caulking,  tool 463 

Cement  paint 516 

Cement,  Specifications  for 5^2 

Center  of  gravity 535 

Centering. 267 

Centrifugal  force 140,  205,  209 

Ccntroid 535 

Chains 451 

Annealing 480 

Cost  of 440 

Channels 417,  418,  427 

Channels.  Separators  for 83 

Chords,  Upper 61 

Chords  for  railway  bridge 175,  1 76 

Chortis,  Shop  cost  of 434 

Chrome  steel 495 

Chroniium-nickel  steel 495 

Circular  ends , 221 

girder 367 

steel  bin 313.  3i7.  326,  333 

ventilator 29,  59,  423,  427 

damn 267 

Classification  of  bars 431 

materia] 426 

Claw  bar 453 

Clearance  diagram 200 

for  members 40I 

standards 413,  413 

of  riveted  memlxTB 219,  412,  413 

Clerestory 3 

Clevia 571,  572 

Clinch  rivets ly.  23 

Closing  rivcta. 52 

Coal  bin 300,  301,  30a,  303,  304,  318 

breakers 361 

bunkers 315,  316 

Friction  of 312 

tar  paint 516 

tipple* 339.  352,  361,  363.  436 

tipples,  Cost  of 436 

tipples.  Shaking  equipment  for.  353,  357,  358 

washers 361 

Weight  of 311 

Coefficient  of  friction 236,  321 

Coke  bins 312 

Coke,  Weight  of 311 

Cold  cutter 452 

Co'd  twisted  bars 508 

Columns,  15,  61.  85,  93.  104,  176,  403.  404, 
405,  406.  426,  526,  547.  579,  590 

Column  l>aaes 92,  93,  94,  10^ 

Column  bases.  Pr^'ssure  on 56 

Column,  UctaiU  of,  86,  87,  88,  89.  90,  91.  374 

Column  formulas 79.  80,  533 

Column.  Length  of 79.  80.  81 

Column,  Loads  on 74,  104 

Column  schedule 85,  94,  402,  404 

Column  splices 90,  91 

Columns.  Mill  building. ........  19,  20,  21,  54 

Columns,  Office  building     S4.  98,  102 

Column.s,  Shop  out  of 433 

Columns,  Stresses  in.  .    ,,...., 368,  521 

Columns,  Timl>cr 58,  398 

Columns,  Weight  of  ...»*• 4 
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Combination  highway  bridge 295,  435 

Combined  stresses.. 57,  141,  209,  531,  534.  587 

Compn-ssivc  stress 57,  527,  531 

Compression  members 61,  141,  143 

Compression  flanges 142 

Compression  formulas 79 

Concrete 56,  266,  428 

Abutment 245 

AggrvRage 241 

Details  of  construction  of 275 

fl"<»r 8,32,33,54,  132,  179.  180 

in  fuundations 386 

Ingredients  in , 237 

Mixing 240 

Proportions  of 273 

retaining  walls 234,  238,  239.  241 

Sp,*cificalit>ns  for 272 

Strength  of 520 

Weight  of 69,  204,  208,  237,  381 

Connection  ang.es,  65,  145,  4i>4,  407.  408,  413, 


574.  595 
idtJ 


Conductors 423,  427 

Conncciifms , 60 

Connections,  Clearance  for 412,  413 

Conncctjtjns,  Field 216 

Floorticam 183,  184.  185 

Strength  of 142 

Shop  cost  of 430 

Connecting  bar 453,  461 

Conductors , ,  26,  59 

Contents  of  abutments 254,  255 

Contents  of  piers 258.  259 

Contents  of  retaining  walls 240 

Continuous  beams 'MS*  S44<  545 

Continuous  sash 42 

Conventional  signs  for  materials 399 

Conventional  signs  for  rivets 398 

Conveyors 334.  335 

Cooper's  Conventional  k>ading,  151,  159,  162. 
163.  164.  165,  166,  167,  168,  172 

Cooper's  abutments ,  , .  254 

Cooper's  piers 255,  26r 

Cooper  hitch 571 

Cop2 407 

Cope  chisel 453 

Coping 367,  270 

Coulomb's  theory 225,  227 

Copper 519 

rivets 23.  52 

Jlr^:'v*  V 495 

Wfight  of 69 

Corner  tinish 59 

Cornice 26,  52,  59 

Corrosion  of  iron  or  steel 513 

Corrugated  steel,  1 5.  52.  56,  59.  320.  423,  427, 
456 

plans .51 

roiifing 27.  28.  51.  586 

Cost  of , . .    .429,  439 

Details  of ,,, , 22,  23,  24 

d'K>r ♦. 44 

fastenings 19 

Minimum  thickness  of fi 

Ssfe  loads  fur , 


886 


INDEX. 


PAGE 

Corrugated  steel,  shear 456,  460 

tools 456 

Weight  of 4,  25 

Corrugated  iron  floor 34 

Cost  of  drafting 429 

erection 347.  436.  437,  438 

erection  of  tubular  piers 437 

erection  of  steel  head  frame 347 

floors 439 

laying  corrugated  steel 439 

material 428,  440 

mill  extras 430 

painting 430,  433,  438 

roofing 439 

riveting 436,  437,  438 

tar  and  gravel  rooting 32,  439 

tile  roofing 31 

steel  grain  elevators 337 

structural  steel 425,  428,  429 

Counters 142,  206,  210 

Counterbalanced  windows 39 

Counterfort  retaining  wall 239 

Couple 527 

Course 267 

Coursed 267 

Cover  plates 220 

Crab 442.  443 

Cramps 267 

Crane  girders 54,  426,  542 

Crane  posts 61 

Cross  frame 224 

Cross-eyed  fuller 462 

Cross-grain 278 

Crow  bar 453 

Culvert 266,  271,  435 

Culverts,  Shop  cost  of 435 

Culverts,  Waterway  for 250 

Cuppers 453 

Cutting  to  exact  length 430 

Cut-water 249 

Curb 138 

Cylinder  piers 255,  260,  261,  265 

Cylinder  piers,  Shop  cost  of 435 

E>ead  loads,  55,  116,  139,  202,  204,  207,  208. 
361 

Dead  loads  of  office  buildings 70 

Dead  load  stresses 553,  556 

D^ad  man 470 

Deck  beams 418 

Deck  plate  girders. 400 

Deck  truss,  Stresses  in 566 

Deep  bins 311,  319,  325 

Deflection  of  beams,  530,  533,  536,  537,  538, 

539»540,  541.543.  544.  545 

IX^formation 527,  532 

Deformed  bars 508,  509 

!X4ta  metal. 520 

IVplh  of  bri<Igc  trusses 125 

lX*pih  of  plate  girders 210 

iVpth  of  trusses 210 

IK^rrick  car 470,  480,  481 

iVrrick  crab 442 

IVrrtcks 480 
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Design  of  bearing  plates 586 

bins 313,  326 

columns 579 

end-post 587 

floorbeam 590 

I-beam 580 

lacing  bars 598 

pins 584 

plate  girders 581 

railway  bridges 219 

retaining  walls 231,  232,  334 

rollers 579 

steel  details 571 

stand-pipes. 381 

Design  drawings 421 

Design  for  flexural  stress 579 

Detail  no^es 410 

Details  of  angle  struts 409 

beams 82,  333.  407.  408 

framework 85 

bridges 119,  I20,  175 

columns,  19,  20,  21,  86,  87,  88,  89,  90,  91 

Cost  of 429 

end-post 396 

head  frames 347.  348.  349.  350 

office  buildings 103 

roof  trusses,  16,  17,  18.  390,  391,  392,  393 

stand-pipes 369,  371.  379 

tanks 369 

top  chord 397 

wall  construction 96 

wind  bracing 98 

Diagonal  stresses 531 

Diagonal  tension 531 

Diamond  point 453 

Dimension  stone 267 

Disc  pile 279 

Dolly 454.  455.  456,  461 

Door 43.  54f  60.  329.  422.  428,  440 

Door  track 48 

Dote 279 

Dowel 268,  277 

Draft 268 

Drafting,  Cost  of 429 

Drafting,  Structural 389 

Drainage  table 251 

Drainage  for  highway  bridge  floors 138 

Draw,  Allowance  for 223 

Draw  spans 157 

Dressing  stone 269 

Drift  bolt ;277,  282,  283,  284,  297 

Drift  pin 386.  452,  462 

Drifting 484 

Duchemin's  formula 5 

Dumping  devices 363 

Dun's  drainage  table 251 

Dry  masonry 271 

Earth,  Weight  of 69.  237 

Eave  strut 9.  23.  49.  50 

Eave  strut,  Shop  cost  of. 433 

Eccentricity 222 

Eccentric  loads 142,  534 

Eccentric  riveted  connections 595 


PACK 

Ecnnomic  desifcn 135.  174 

Edges,  IManwl 66.  145 

Edge  distances  of  rivets 60.  143.  210 

Edge  plates 415.420,421,422 

Effiricncy  of  tackle 447,  451 

Elasticity 527 

Elastic  limit 496,  528 

Electric  railway  bridges 1120,  139 

Electric  light  ixilc 136 

Elr\-ator5  for  grain  bins 334 

Elevated  tanl» 365,  379 

Ellipse  of  stress 531 

RlonKation  of  steel 62,  63,  496 

Klongatton  of  wrought  iron 491,  492,  496 

Engine  s.Tvice 483 

Knginet-ring  matcriala 487 

End  bracing 212 

End  conwKTtions  for  l-lwams 595 

End  connections  for  (op  choni 593 

End-post,  Hcndini;  in 222 

Design  of 587 

Details  of 196,  396 

End  shears 163,  164,  165 

Equivalent  uniform  loads 151,  159 

Erection  diagram 389,  395 

plan  fur  mill  buildings 408 

plan 400 

Erection  of  armory 479 

br»Igc* 147.  437,  438,  441.  483 

comigated  steel. 439 

head  frames 363 

plate  girders 441 

stand-pipes 386 

steel 67,  100,  4lt,  441 

steel  frame  buildings 436 

tubular  piers 437 

Erection,  Specifications  for 483 

I  nstructiono  for 479 

Inspection  of  bridge 485 

Erection  tools 443,  448  to  467 

Estimates .348,  425 

Examples  of  abutments,  250,  252.  253,  254, 

355.  256 

bins 317 

coal  tipples 352 

head  frames 346 

prain  clevalors 328 

highway  bridges,  127.  128,  129.  130,   131 

oflice  buil<lings loi 

plate  girders 184,  189,  190 

railway  bridge*.  185.  191,  192,  193,  194, 
196,  197.  <98.  199 

retaining  walls 237 

steel  mill  buildings,  48,  49.50,51,  52.  53.  54 
Expansion,  104,  133,  144,  206,  211,  212,  423, 

Expansion  jomts 343,  368,  382 

Expansion  rollers 579 

Kxf)erimems  on  grain  pressure , . .  325 

Extrados 368 

Eye-bars,  62.  66,  144,  145,  207,  213,  216,  217, 

^       222.571.573 

Eye-bars,  Shop  cost  of 434 

Stncssctt  in 586 


PACE 

Eye-bars,  Tests 147,  218,  505 

Weight  of 573 

Eye-bar  hook 457 

Fabrication  of  steel,  Inspection 518 

Face 268 

Facing 268 

Factor  of  safety 527 

Factory  ribbed  glass 8,  41 

Fall  line  ball 448 

Fall  lines 468.  469,  470,  471 

Falsework 473.  476,  483 

Coat  of  erection  ol 437 

Falsework  piles aSi 

Falsework  plans 389 

Falsework  mtlts 458 

Fastening  angles 141.  207 

Fence 135.  136 

Fence,  Shop  cost  of 434 

Felloe  guard 134,  135,  136 

Felt  and  asphalt 4 

Field  iKiIts 58.  143 

Field  connections 66.  67,  I45,  216,  484 

I>aint 516 

rivets 58,  66,  146,  317,  400,  467 

rivets,  Number  of 437,  438 

riveting 106 

Filler  plates 65.  144,  145,  211,  216 

Filler  rings 143 

Final  set 366 

Fink  trusses 9i  10 

Firebox  sti-el 431 

Firt'pr(x>fing 69 

Fireproof  construction 69 

Fish  plate 277 

Fixed  beam 540 

bearings 144 

sash 41.  42 

Flange  plates 60,  143 

rivets ...142,  210.  221 

splices 320,  584 

steel 431 

Flashing,  Stack 39 

Flashing 53.  59.  437 

Flat  plates 313,  535 

h  lemish  bond 267 

Flexure 539 

in  btiams 533 

Fkxure,  Members  in 579 

Fh'xure  and  direct  stress 534 

f''«>f='  - 33.  34.  329.  439 

C<»t  of.  . 439 

Highway  bridge luh 

Live  loads  for 71.    74 

I'lank ..1X36 

for  railway  bridges 176,  I94.  304.  208 

Shop 8 

Specifications  for 33 

Timber 35 

Waterproofing  bridge.   133,    178,    179,    i8o» 
l8t.  182 

Floor  panels 99 

Floor  pkins 8l»  85.  99,  403,  403 

Fluurtng,  Bicel  plate 34 
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Floorbeam  connection 590 

Floorbeam  reactions 163,  164,  165 

Floorbeam,  Design  of 590 

Ftoorbeams 82,  113,  212,  216,  222 

Floorbeams  for  highway  bridge 1x3,  138 

Floorbeams  for  railway  bridges  . .  183,  184,  185 

Floorbeams,  Shop  cost  of 434 

Weight  of Ill 

Flush 268 

Footing 268 

Footwalks 137 

Forces 527 

Forked  ends 211 

Forms 237,  241,  243,  268,  274 

Foundations,  53,  54,  56,  75,  95,  100,  104,  268, 

334.  372-  386 
Foundations,  Pressure  on,  232,  234,  236,  247, 

248,  249,  250 

Foundation  plan 389 

Frame  trestle 277,  288 

Framework  of  steel  frame  buildings,  9,  49,  53 

Framework  of  office  buildings. . 85 

Freezing  weather,  Placing  concrete  in,  240, 243, 

274 

Freight 433 

Freight  rates 438 

Friction,  Coefficient  of 236 

Friction  on  bin  walls 312 

Friction  of  wheat 321 

Frost-proofing 373,  381 

Fuller 462 

Fuller's  rule 240 

Gallows  frame 472 

Gantry  traveler 472,  474,  475 

Garners 337 

Gaspipe,  Cost  of 440 

Gates,  Bm 362 

Gin  pole 468,  470,  480 

Girders,  Beam 404,  407,  408 

Circular 367 

Crane 54 

Plate 57.58 

Riveted 400.  403 

Girder  hook 457.  481 

Girts 3,  9,   14,  50,  56,  62,  277,  297 

Spacing  of 59 

Weight  of 4 

Glass 8,  36,  37,  38,  60 

Glass  roof  tile 31 

Glass,  Weight  of 69 

Glazing 41 

Grain  elevator 319,  337,  433.  434 

Grain  bins 319.  3^5 

Grain  shovel 337 

Goose  neck 471.  480 

Gordon's  formula 80 

Graphic  moments 561 

Graphic  resolution 552,  558,  559 

Graphite  paint 67 

Grillage 94 

Grout 268 

Guard  rail 177,  277,  281,  284,  287,  297 

Guard  timbers I39t  277,  281 
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Gusset  plate 2i< 

Gutters 23,  26,  59,  423, 42; 

Guy  dernck 468,  469, 471 

Hacked  bolt , 91 

Handle  gouge 452, 46 

Hammer 3J* 

Hand  holes 22; 

Hand  gouge 45; 

Handrailing 13; 

Head  frames 339,  346,  43! 

Head  sheaves .' 36; 

Head  works  for  mines 33) 

Heart  wood afi 

Heating  shop  buildings 1 

Highway  bridges lo] 

Highway  bridge  abutments 35^ 

Highway  bridges.  Allowable  stresses  in,  115,  141 

CUisses  of 13; 

Combination 391 

Examples  of.  .  133,  127,  128,  139,  130,  131 

Erection  of 14; 

Shop  cost  of 431 

Field  rivets  in 43; 

Floors  for iish,  132,  13I 

Floorbeams  for 13I 

Headroom  for 13; 

Impact  for XI2c,  14 

Joists  land  stringers  for 13I 

Loads  for Il3d,  1I3| 

Painting 146,  14: 

Piers  for 26] 

Plate  girder laj 

Railing  for 13; 

Sidewalks  for 13; 

Rollers  for 133,  131 

Spacing  of  trusses  for 133 

Specifications  for 133 

Stresses  in "5.  55* 

Timber 393 

Types  of 107.  no,  133 

Weight  of m 

Header 268,  37c 

Hoist 441 

Hoisting 33< 

Hoisting  blocks 446,  447.  448,  449,  45< 

Hoisting  engine 442,  44^ 

Hoisting  rope 341,  350,  360,  443,  444,  48< 

Hooks,  Stresses  in 53^ 

Hopper  bins 312,  316,  317,  31^ 

Hot  twisted  bars 50? 

Howe  truss 10,  109.  286,  287,  290,  391 

Howe  truss.  Cost  of  metal  in 43^ 

Hub  guard 134,  135,  i3< 

Hutton's  formula  for  wind  pressure | 

Hyperbolic  logarithms 333 

I-Bcams 427.  58< 

Impact 161,  204,  205,  208,  528,  52^ 

Impact  on  office  buildings 72,  loi 

Impact  formulas 161 

Impact  on  highway  bridges I17,  141 

Impact  on  railway  bridges.  .  161,  204,  205,  20i 
Impact  on  timber 39^ 
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^pact  tests 162 

tidirect  splices 144,  2 1 1 

fUtialset 268 

nitial  stress 62.  307,  361 

bspcction  of  stcci  at  mill 215 

bridge  erection 485 

bridge  material 217 

st?il 67,  105,  146,517,  518 

nstructions  for  erection  of  structural  steel.  479 

estimating 426 

inspection  of  steel '.....  517 

ntermediate  sill 277 

ntrados 268 

nvoiccs 218 

ron,  Corrosion  of 513 

ron  oxide 514 

ron  details  for  Howe  truss,  286,  987,  3S9,  291 

ack  stringers 277,  297 

acks 459 

ansscn's  solution  for  stnrsses  in  bins 319 

ointa 66,  268 

bints  in  concrete 275 

oists  for  highway  bridges 138 

Cctchum's  modified  saw  tooth  rouf,  9,  ll,  44, 48 

Ccy  wrench 455 

Cnec  brace 97 

Cnot 278 

Cnots  in  manila  rojie 444.  445 

^cinghara.61,65,  I43»  145. 211,  216,414,  598 

•acing  bars,  Design  of. 598 

-adder 373,  374,  376,  377,  378,  381,  383 

•agging 268 

^itance 275 

jimpljlark 514 

•anding  stage 363 

Aps  of  cornigatcd  steel 59 

Aieral  bracing 62,  149,  223 

connections 372,  373.  374 

plate 571 

pressure ^ 321 

.atcrals 137 

Atticc  bars,  see  "Lacing  bars'* 

^ad 519 

,ead,  Red 514 

*ad,  Weight  of 69 

-tads 279 

jt%  bridge ,    108 

iCngths  nf  angles 417.  418 

channels 418 

J-lk-ams 418,  430,  431.  432 

plates 418,  419,  420,  421,  422 

iCngth  of  columns 79,    80 

compression  members,  61.  141,  209,  363, 
379 

H^n 55 

^tenng  shop  drawings 398 

^rwis 268 

•ifting  capacity  of  tackle 449,  450 

^t  of  drawings 3H9 

efrction  ttmts 463,  464,  465,  466,  467 

rivets 389 
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Linseed  oil 514 

Live  loads , 70,  139 

Live  loads  on  columns 74,  104 

floors 73 

highways  bridges 116 

omce-buildings 71,  72,  103 

railway  bridgus 202,  205,  208 

Live  load  stresses 563 

Loads 55.  70.  73.  36* 

Minimum 7t  56.  74.  i«4 

Snow 4,    72 

Wind 5,    72 

Loads  on  bin  walls 324 

columns 74,  104 

foundations 56,  75,  104,  236,  249 

highway  bridges Il2d.  Ii2g,  139,  140 

masonry 56 

oflicc  buildings 70,  103 

pilM 57.477 

radway  bridges 151,  209 

roofs 74 

stand-pipes 382,  387 

timber  floors 35 

Lock 268 

Locks 270 

Logarithms,  Hyperbolic 522 

Locomotives,  Heaviest 154 

Locomotives,  Weight  of 154,  205 

Long  rivets 143,  211 

Longitudinal  braces 296 

forces 141 

strut 277 

X-brace 277 

Loop  bars 571,  572 

Louvres,  3,   12,  24,  43,  44.  52,  59.  423»  427 

Machinery  loads 362 

Manhok* '. 378 

Malleable  castings 467,  488 

Manila  rope 440,  443,  460 

Manganese 488,  494 

Manganc-se  Bronze 520 

Manufacture  of  cast-iron 488 

Btcel 493 

wrought-iron 489 

Marking  diagram 395 

Maul 453.462 

Masonry 56,  520 

abutments,  245,  246,  250,  252,  253.  254.  255, 
356 

Cbsbification  of 266 

Dressing  of .a66,  267 

piers 261 

pUn 389 

PrcjMure  on,  56,  75,  104,  141,  209,  236,  542 

retaining  walls 234,  238 

Speci6cations  for 269 

Weight  of w. 96 

Mai>t ^ 468,  469,  471 

Mastic,  Asphak 181,  182 

Material,  C  lassitiration  of  . . , , .  .  426 

ConvLHtinnal  signs  for 399 

Kngin<:i?ring 487 

Estimating > 426 


1 
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Material,  Ordering 415,  416,  417 

Weight  of 69,  237 

Maximum  bending  moments  in  beam,  160,  542 
Maximum  bending  moments  in  bridges,  165, 

X64,  165 
Maximum  length  of  member,  61,  141,  309,  363, 

^.379 

diameter  of  nvet 143 

stresses 160,  558 

Merchandise,  Weight  of 73 

Metal,  Minimum  thickness  of 142,  3lo 

Mill  building  columns 1 5*  19*  20,  21 

Mill  buildings.  Cost  of  details  of 429 

Cost  of 433 

Design  drawings  for 421 

Erection  plans  for 408 

Erection  of 441 

Estimates  for 425 

Walls  for 7 

Mill  extras.  Cost  of 430,  431 

Mill  inspection  of  steel 146 

Mill  orders 67 

Milling  plates 432 

Minimum  angles 8,  60,  143,  206,  211,  233 

bar 207 

loads 56.  74.  104 

thickness  of  corrugated  steel 8 

thickness  of  metal,  8,  105,  142,  210,  363,  380, 

382.  387 

sections 60 

Mine  buildings 8,  436 

Misfits 484 

Mixing  concrete 240,  242,  274 

Modulus  of  elasticity 528 

Moments  in  continuous  beams 544 

Moments  of  forces 527 

Moments  in  railway  bridges,   163,   164,   165, 

171,  172,  174 
Moment  of  inertia,  530,  535,  548,  549,  550,  551 

Moment  splices 220 

Moment  tabic 167 

Monitor  ventilator 3.  4'.  43i  59 

Mortar 268.  269 

Muntin 38,  39.  40.  4'.  42.  43 

Nails.  Cost  of 440 

Naperian  logarithms 322 

Natural  bed 268 

Natural  cement 522 

Net  sections 60,  61,  141,  206,  210,  220 

Neutral  axis 529 

Neutral  surface 529 

Newel  posts 135,  136 

Nickel 519 

Nickel  steel 149,  152,  173,  495,  496,  502 

Nigger  head 442 

Nuts,  Pilot 66 

Oblong  steel  pier 263,  265 

Office  buildings 69,  402 

Calculation  of  stresses  in 76 

Columns  for,  98,  102,  104,  402,  403,  404, 

405,  406 
Cost  of 433,  436 
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Office  buildings,  Erection  of X05,  441 

Estimates  for 426 

Floorbeams  for 99,  105,  403 

Floor  plans  of 99,  402,  403 

Founclations  for 100 

Loads  on 70,  72,  I03 

Spandrel  sections  for 100 

Specifications  for 103 

Oil  pamt 513 

Oil  tanks 386 

Old  man.\ 456,  460 

Open-hearth  steel,  62,  487,  494,  497,  499,  502, 
^  ^  505,  507     .  . 

Ordering  material 415,  416,  417 

Ore  bins 318 

pockets 313 

Weight  of 31 1 

Out  oiwind 278 

Overrun  of  angles 221,  222.  41 1 

Packing  block 277 ' 

pins 584 

spool 277 

Paint 207,  440,  513,  515 

Paint,  Amount  of 440,  515 

Cost  of 435 

Proportions  of 515 

Painting,  31.  67,  146,  147,  217,  329,  363,  386, 
.  387,  430,  484.  515 

Painting,  Cost  of 438 

Panel 3 

Paneis,  Floor 99 

Panel,  Length  of 135,  175 

Parapet 268 

Paving 268,  428 

Pedestals, .  X35,  144,   184,  186,  187,  188,   189, 
~  IQO,  191,  193,  194,  197,  423,  424 

Petit  bridge  truss 109.  558,  562,  564,  568 

Phosphorus 62,  488,  494 

Phosphor  bronze 520 

Piers,  Bridge 245,  248,  268 

Pig  iron 487 

Piles 57.  279,  296,  476 

Piles,  Bearing  power  of 75 

Specifications  for 281 

Pile  driver 279,  477 

foundations 94 

trestles 277,  281,  284 

Pipe,  Design  of 532.  534,  575 

Pilot  nuts 66,  146,  217,  467,  484 

Pilot  points 146,  217,  467,  484 

Pins,  58,  61,  62,  66,  143,  146,  210,  211,  217,  219 

Pins,  Cost  of 434 

Design  of 584 

Pin  holes 66,  146.  217 

packing 219 

plates 61,  143,  211 

Pin-connected  trusses,    133*  '9it 

197.  402,  435 

Pin  maul 4$2 

Pitch 3,  268 

Pitch  of  roof "4.  30.  55 

Pitch  of  rivets 60,  142,  143,  210 

Pitch  pockets 278 
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Pitch  streaks 278 

Pilchod 268 

Pivotcrl  windows 40 

Pivoted  fta»h 36.  37.    4' 

Placing  concrete 240,  243,  274 

Plans 55 

Pbns,  Shop 67,  147,  218 

Plans  of  structures 81,  85.  389 

Plunirij; 65 

Pinning  edges 66 

Planing  metal 41)0 

Plan,  Flwr 85 

PUnlc.  Floor. .  1 12k,  138 

PlastiTed  ceiling,  Weight  of 4.  69 

Piaster  walls 53 

Plates 416,  J\tg,  430,  431,  472,  426 

Batten 61,  443 

Base 63,  144,  146.  586 

Buckle 315 

Klat , 313 

Floor Z94 

F'illcrs 65.  211 

Minimum  thickness  of 380,  382 

Pin 61,  143.  211 

Sheared 415,  419.  420.  433 

Splice 65.  145 

Tie 61,  311 

Universal  mill 415,  430,  421.  423 

Wall 105,  144,  212 

Web 65.  142 

Plate  girders.  54.  57.  58.  1 10,   143,  149.  306, 
210.212.433.  435.534.  581 

Cost  of 433,  435 

Design  of 220,  534.  581 

Erection  of 441 

Examples 184 

Field  rivets  in 438 

FbinRcs  in 220 

PI  Uc  girder  highway  bridges 123 

r^^ilway  bridges 173,  174.  175.  303,  400 

wcijiht  of  150,  151.  153.  153,  155,  158 

FMeisner's  ex|)crimenls 331 

Pointing 368.  369 

Poijwon  a  ratio 538 

Pole,  Electric  light 136 

Pony  trusses 213 

Portals 97,  149,  193.  198,212 

Portals,  Stresses  in 563,  569 

Portland  cement 367,  533,  523 

Amount  of 240 

paint 516 

Specihcations  for 522 

Posts 277,  396 

Cost  of 43A 

Newel 135.  136 

Pratt  truss.  ...  10,  107,  108,  109,  lai,  123.  565 

Pressure  on  Inn  walls 302 

Pressure  on  foundations 75 

Pressure  of  grain 325 

Pressure  on  masonry 56,  75,  104 

Pressure  on  retaining  walls 235 

Product  of  inertia 535 

Proportions  of  concrete 240,  273 

Punching 216.  430 
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Purchase  ring 457 

Purlin,  3.  4.  9.  26,  27,  49.  5o.  53.  54-  55.  56, 

59.63 
Push  car 459 

Quicksand 249 

Radius  of  g>Tation 548.  549,  550,  551 

Rafter 3.  18.  50 

Rail  jack 459 

Rails,  Cost  of 440 

Rails,  Fastenings  for 204,  208 

Rail  steel  reinforcement 509 

Railway  bridges,  Allowable  stresses  in,  173,  209 

Clearances  of 200 

LVsign  of 174,  219 

Details  of 175,  176 

Examples  of 184,  185 

Field  rivets  in , 438 

Floors  for 176 

Impact  on 161,  162 

Loads  <m 202,  208 

Painting , 217 

Piers  for 255,  257,  258,  259.  360.  265 

Piles 28r 

Shop  cost 435 

Specifications  for 188,  308,  483 

Steel  trestle 149 

Types  of 301 

Weight  of 130  to  158 

Rankine's  theory 335,  336 

Ratchet 460 

Rate  of  hoisting 350,  360 

Reaming 65,  66,  145,  363,  435,  484 

Ream  wrench 454 

Red  heart 379 

Red  lead-paint.  67,  307,  438.  439,  5t4.  515,  516 

Reinforced  concrete 521,  52G,  546 

Reinforced  concrete  floor,  34,1  I2h,i79.  180,  366 

retaining  walls , 339 

Specifications  for 273 

Stresses  in 521 

walls 53 

Resilience 538,  535 

Resisting  moment 530 

Resisting  shear 539 

Retaining  walls 325,  368 

Re\'ersal  of  stress 363 

Ridge  roll 24.  5^.  59.  427 

Rigiii  bracing 55,  137,  212,  361 

Rigid  members 307.  313.  222 

Rigging 447.  449.  4$0 

Ring 279 

Ring  dolly 455 

shake 379 

stones 368 

Riprap. 368 

Rivet  buster .453.  4^3,  463 

clamp ^», 436 

ctrar^ncc 413.  413 

hammer 453,  456,  462 

heads 427 

holes 65,  145 

list 369 
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Rivet  pitching  tongs 456 

snaps 452. 456, 462, 467 

spacing 60,  142,  219.410,  423 

■tecl 62,  383,  496,  505 

sticking  tongs 456 

Rivets 58,  65,  145,  210,  219,  379 

Clinch 23,  24 

Conventional  signs  for 398 

Diameter  of 60 

Field 55,  66,  141,  146,  217,  363.  400 

Flan^. 142 

Maximum  diameter  of 60,  143 

Pitch  of 60,  142,  143 

Size  of 144,  215 

Riveting 145,  216,  467 

Cost  of 436,  437,  438 

bins 332.333 

stand  pipes 387 

tanks 373»375 

Riveted  bridges,  Examples  of,  119,  120,  127, 
128,  151,  194,401  ^ 

Riveted  badges.  Field  rivets  in 437,  438 

Riveted  connections 219,  595 

joints 370.  378,  380,  532.  597 

girders 403 

tension  members 143 

Road  rollers iiad,  117,  139 

Rods 61,  62,  416 

Rods,  Anchor 94,    95 

Minimum  size  of 142 

Rollers,  55,  57,  63.  66,  133,  134,  141,  144,  146. 
X84,  186,  188,  189,  191,  193,  194,  197,  206, 
209.  212,  2i7t  434.  534.  579 

Rolhng  loads 542 

Roof  covering,  4,   7,    15.    18,   26,   56,   71,  74 

Roof,  Pitch,  see  pitch  of  roof 

Roof  trusses,  7,  11,  15,  16,  17,  18,  46,  49,  53, 

^      M.  55.  105,  354,  359,  433,  441 

Roof  trusses,  Erection  of 441 

Spacing  of 14,  62 

Stresses  in 7,  552 

Types  of 9,  10 

Weight  of 3.  55 

Roof  for  steel  bin 335.  336,  337 

steel  tank 372,  375,  382 

steel  stand-pipe 382 

Roofing 23,  28,  29,  51,  423.  428,  439 

Corrugated  steel 28,  29,    51 

Cost  of 439 

Slate 29 

Tar  and  gravel 29,    32 

j!*e .3^54m 

Tm 31 

Rooster 469 

Rope,  Cost  of 440 

Rope,  Hoisting 341,  443,  444 

Rot 279 

Rubbed 268 

Rubble 268 

Rubble  concR'tc 266,  274 

Rubble  stone   271 

Rules  for  shop  drawings 391 

Rupture  strength 528 

Rust .513 


PAGE 

Safe  bearing  of  soils 56,  75,  236,  249,  386 

Safe  loads  on  corrugated  steel 33 

floors 35 

piles 57.75.477 

slabs 547 

Safety  hooks 346,  362 

Sag  rod 54 

Sand,  Amount  in  concrete 240 

Sand  bin 300,  301,  302,  305 

Sand  blast 515 

Sand,  Friction  of 312 

Sand,  Weight  of .  . . 69,  237 

Sandstone,  Weight  of 237 

Sandwich  door 44,    60 

Sapwood 278 

Sash 36,  42,  60 

Sash  brace 277 

Saw  tooth  roof 8,  9,  i x,  46 

Section  modulus 530 

Segmental  rollers 134 

Segmental  bottom 366 

Separators 83,  277,  297,  430.  580 

Set,  Rivet 452,  456,  462,  467 

Schneider,  C.  C 70,  72,  599 

Scale  hoppers 337 

Screens 362 

Screw  bolt 95 

pile 279 

thread 66,  146,  2x7 

Shackle 447,  457 

Shackle  bar 453 

Shaft,  Torsion  in 533 

Shake 279 

Shakfng  screen 352,  355,  356.  358 

Shallow  bins 399 

Shear  57,  526,  529.  53X.  542,  547 

Shear  in  beams 536  to  545 

Shear  in  bridges 164  to  X70 

Shear  in  concrete 521 

Shear,  Elastic  deformation  due  to 532 

Shear  in  lacing  bars 598 

Shear  in  plate  girder 173,  174 

Shear  in  rivets 370 

Shear,  Corrugated  steel 456,  460 

Shear  legs 468 

Sheared  plates 4x9,  420,  422 

Sheathing 3.  4.  3o.  32,  53.  54.  5^ 

Sheaves 346.  348,  350,  360,  363,  443.  444 

Sheet  pile 279 

Shipping  invoice 67,  218 

Shim 277 

Shoes 133,  184,  186,  187,  188,  279,  423,  424 

Shop  bills 399 

Shop  coat  of  paint 516 

Shop  cost  of  bins 433.  434 

bridges 434,  435 

columns 433 

combination  bridges 435 

culverts 435 

cave  struts 433 

fioorbcams. . 434 

eye-bars 434 

grain  bins 433,  434 

Howe  truss  metal 436 
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Shop  cost  of  office  buildings 433 

plate  girders 433,  435 

pins 434 

posts 434 

roof  trusses 433 

stand-pipes.  . 433,  434 

fitcc-l  mill  hitiUlmga 433 

steel  head  frame 347 

structural  Btecl 429 

tanks 433.454 

towers 434 

tubular  piers 435 

Shops,  Design  of 7 

Shop  details 55,  396.  397 

Shop  doors 43 

Shop  drawings.  .  .  .  138,  389,  400,  401,  402,  403 

Shop  drawings,  Cost  of 429 

Shop  drawings,  Rules  for 391,  398 

Shop  flours 8,  32,  33,  34.  54.  67,  147 

Shop  plans 195,  196,  ai8 

Shop  rivets,  sec  "Rivets'* 

Shutters 59 

Sidewalks 113.  115.  275 

Signal  bridges 157 

Silicon 488,  494 

Sill 277,  296 

Skeleton  ronstniction 69 

Skew  bridge I08 

Skips 346,  348.  362 

Skylight 4»  8.  »«.  38.  54.  60,  428,  440 

Slabs.  Safe  loads  on 547 

Slate,  Wi-inht  of 4.  30.  69 

Slate  roofing 28,  29,  JO,  53.  54.  56 

Slate  roofing,  Cost  of 440 

Sleeve  nut 572 

Sliding  door 43.  46,  48.  60 

Sliding  sash 36,  37 

Slope  wall 268 

Snap.  Rivet 452.  456,  462,  467 

Snatch  block 447,  448 

StjacinR  columns ■, 98 

girts. 59 

plate  girdcTB 179 

purlins 55.  59.  6^ 

trusses 55.  62.  202.  203.  208 

Spall 268 

Spandrel  sections 96,  100,  268 

Span.  Length  of 55 

Snow  loads 4.  56>  73.  553.  556 

Snow,  Weight  of 4.  69 

Soffit 268 

Specifications  for  cast  iron,  2x5,  297,  384,  488 

coal  tipples 361 

concrete  floor 33 

erection , 483 

Minting.  . .    67,  217 

rortland  cement 522 

retaining  walls 24X 

shop  flfK>rs 31 

stone 269 

steel 62,  105.  213.  272,  363.  383 

steel  castings , 510 

head  frames 361 

highway  bridges 137 


PACK 

Specifications  for  steel,  mill  buildings 55 

office  buildings 102 

railway  bridges 188.  208 

reinforrement 272,  507,  509 

stand-pipes 379,  386 

tanks 379.  386 

tar  and  gravel  roof 32 

timber  bridges 292 

timber  piles 281 

tubular  piers ,,  .  .  257 

wrought-iron 215,  297,  491 

Spikes 297 

Splices 61.90.91,211.363.  584 

Splices,  Indirect 144.  21 1 

Splices  in  plate  girder 220,  583.  596 

Splice  plates •^45-  216 

Split  bolt .  .  .  , , 95 

Spool 443.  443 

Spouts 335 


Spud 


454 


Stack  collars 427 

Stack  flashing 29 

Stand-pifx-s 365 

Allowable  stresses  in 382 

Design  of ; 381 

Krection  of 442 

Painting 387 

Shon  cost  of 433.  434 

Standard  angle  connections 595 

Stark-weather 249 

Starred  angles 578 

Steamboat  jack 460 

Steamboat  ratchet 460 

Steel  bins 3g^,  $00,  $^ 

castings..    .    .63,66.146,213,217,487,510 

c<wil  tipples 361 

column  bases 94 

columns 104 

Ctjrrosion  of 513 

cylinder  piers 262 

details 571 

door 44.  46,  47,  60 

erection 67.328,329,441 

estimates 425 

grain  elevators 319,  329.  337 

head  frames 339.  348,  352.  355.  359.  361 

highway  bridges 107,  no,  115 

Inspection  of .67.  146,  518 

joist .  .  138 

Steel  mill  buildings,  Allowable  stresses  in,  8.  57 

Cost  of .433.436 

Design  of . . . .      7 

Erection  plan  of 406,  441 

Estimates  for 425 

Examples   , 49,  53.  54 

Steel,  Minimum  thickness  of 210 

Steel  office  buildings 69,  70,  81.  103 

Erection. 105 

Specifications  for 103 

Weight  of 70 

Steel  plate  fl<x)ring 34 

Steel  railway  bridges 149 

Specifications  for »...  209 

Weight  pf 131 
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Stec!  reinforcement 272.  S©?.  509 

Specifications  for,  62,  105,  213,  272,  363, 

383 

Stee!  stand-pipe 3^5.  3*7 

Steel,  Strength  of 62 

Steel  Unk 365.  380.  381 

trestle 150.  158 

tubular  picre. . .  .255,  262.  263,  264,  265,  478 
Stiffeners,  58,  61.  65,  142,  145,  207,  212,  216, 
221,423 

Stiffeners  in  bins 327,  333 

Stile 38  to  43 

Stirrups 547 

Stiff-leg  derrick 468  469.  47©.  47  J »  478 

Stone,  Amount  of 240 

Stone  bins 3x2 

Stone  masonry 269 

Straight 278 

Strain  527 

Strength  of  cast-iron 65,  488 

chains 45^ 

concrete 520 

masonry 237 

Portland  cement 523 

steel 62,  494,  508,  509 

steel  castings 496,  51 1 

timber 298 

wire  rope 34i.  443.  444 

wrought  iron 65,  491,  492,  496 

Stress 527 

Stress  diagram 173.  174.389.422 

Stress  due  to  weight 57.  H^*  222 

Stresses 531 

Alternate 57 

Allowable,  8,  62,  80.  105,  115,  205,  209,  362, 
379.  382,  387 

Diagram  for 173.  ^74.  422 

Impact 161,  205,  208 

Maximum 160 

Stresses  in  beams 529,  536  to  545 

bins 299 

bridge  trusses 558,  559  to  569 

circular  girder 367 

columns 368 

deep  bins 319 

elevated  tanks 366 

end-post 222 

cyc-bar 586 

flat  plates 313.  535 

framed  structures 552 

grain  bins 319 

nooks 533 

lacing  bars 598 

masonry 56,  75 

office  buildings 76,  79 

pins 584 

pipes 534 

portal 563.  569 

riveted  joint 366,  370,  532 

rollers 534 

roof  trusses 552 

shallow  bins 307 

stand-pipes 365 

steel  buildings 57 
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Stresses  in,  suspension  bunker 309 

timber  floors 35 

transverse  bent 556 

trestle  bent 563,  569 

wire  rope 344 

Stretcher 268,  270 

Stringers,   138,  177,  199,  212    216,  222,   277, 
283.  284,  297,  434 

Strut 593 

Strut,  Single  angle 575,  576 

Structural  drawmg^ 389 

Structural  mechanics 525 

Structural  steel.  Cost  of 428 

Erection  of 44X 

Estimates  of 425 

Specifications  for,  62,  105.  213,  497,  499, 
502,  505 

Structural  timber,  Defects  of 277 

Structural  timber.  Definitions  of 278 

Stub  abutment 245,  346 

Sub-purlin 3.  »8.  31 

Sub-sill 277 

Sulphur. .  .62,  213.  488.  494,  497,  499,  502.  505 

Summer  wood 278 

Suspension  bunker 309,  316 

Sway  bracing 149,  223,  277,  296 

Swing  door 43 

Swedge  bolt 95 

T  Abutment 245.  246 

Tackle 449.  450 

Talbot,  A.  N..  Formula  for  waterway  by.  250 

Tank  details 373.  374.  375.  377 

Erection  of 441 

Painting 387 

Shop  cost  of 433.  434 

Taper  plates 431.  43^ 

Tar  and  gravel  roofing,  4,  29,  32.  60,  74,  440 

Tar  paint 178.  180.  576 

Tees 4«7.  4i8 

Templet  shop 390 

Tension 53> 

Test  of  cast-iron 489 

Tests,  Impact 162 

Tests  of  steel,  62,  63,  67,  105,  214,  272,  384, 
386.  497.  500,  503,  504,  507.  509 

Tests  of  wrought  iron 491,  493 

Theorem  of  three  moments 543 

Thickness  of  walls 75 

Three-hinged  arch 13,     14 

Through  traveler 472.  474.  475 

Tie  plates 61,  143,  211 

Tie  rods 430 

Ties.  117.   138.  177.  >79.   180,  199.  202,  204, 
208.  277,  282,  283,  297,  593 

Tile  roof 4,  18,  31,  56,  428,  440 

Timber 66,  520 

Timl)er,  Allowable  stresses  in 298 

Timber  ballasted  floor 1 79 

block  floor 33,  126 

bridges.  277,  285,  286,  287,  290.  291,  293, 
294,  295 

buggy 459 

columns 298 
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Tags 

Timber.  Defects  in 278 

doors 43.  45.  60 

floors 8,  33.  34.  35.  126,  176.  177 

hook 458 

Howe  truss 288 

joist 138 

piles 57 

purlins «...    62 

Stieases  in 35.  58,  138.  204 

Specifications  for 144 

travelers 474.  475.  480 

tnstU-s 277,  282,  283,  284 

Weight  of 6g,  204,  208 

Tin  roofing 4.  3 ' .  44^* 

Tobin  bronie 520 

Tonga 456 

Tools  for  erection  of  sticl,  67,  105,  463,  464, 
465,  d66,  467 

Top  chuni 195.  222,  397 

Torsion  in  shafts 533 

Towers 137,  222,  434. 

Tower  struts 212 

Translucent  fabric 4t 

Transverse  Iwnt,  3,  7,  9,  12,  14.  17,  18,  49,  54, 

77.  556.  590 

Transverse  bracing 18,  2I2»  223 

Traveler 468,  470,  472.  478 

Traveling  crane 12 

Trestle     .150.  277,  282,  283,  284.  441,  563.  569 

Trestle  towers 137 

Trvblles,  Weight  of  steel T58 

Trimmers % 453 

True  stress 534 

Trusb,  see  und^r  bridge,  roof,  etc. 

Tubular  piers 255,  435,  437 

TurnburUle 57* 

Turned  Mts 65,  I45.  2l6 

Tw4Mhingcfl  arch 13,  14 

V  abutment 245,  246 

liltimate  deformation 528.  532 

UUJmatc  stress 527 

Uniform  loads 151,  159 

Unit  Htresa 5*7 

Universil  mill  plates 415.  420,  421,  423 

Upsets  for  bars 383 

Upset  rods 61 

Ventilators.  3.    12.   29.  43.  44,   59,   423.  425 

Ventilator.  Monitor 3i  II 

Ventilating  buildin({9 9 

Viaducts,  Erection  of 44I 

Voussoirs m8 

Wail  anchora 105 

Wall  plates 104,  I05.  X44,  212 

Walls,  Details  of 9^ 

Mill  building 7 

Thickness  of.  ... « •  > « *    75 

Wane 37S 

Warren  truM I08,  li.»9.  565 

Wafthcrs 287,  297 

Water  jet 279 

Water,  Weight  of 6*; 
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Waterproofing.  Cost  of 440 

Waterproofing  floors,  35,76,ll2n,  178,  179,  180, 
iHl,  1H2 

retaining  walls 243 

Watertight  joints 370 

Waterway  for  bridges 2S0 

Web  plates. .    .  .58,  65,  142,  145,  216.  220,  432 

space 583,  596 

stiffcners.  58,  61,  65,  145,  207,  212,  216,  221 

Wedge 287.458 

Welds 66,  146,  216,  217 

Weight  of  ashes 69 

ballast 179,  204,  208 

l>^r5.. 572.573 

beam  bridge 1 13 

bracing 4 

building  materials 69 

cast  iron 69 

coal  tipples 360 

columns 4 

concrete 69.  204,  208,  381 

conductors 26 

comigated  steel 4,  15,  25 

covering 56 

draw  s[>ans .  157 

electric  railway  bridges 1 15 

girts 4 

cutters 26 

head  frames 347,  348,  350 

highway  bridges 1 10,  1 15 

hoisting  engines 443 

locomotives. 154,  205 

louvres 24 

masonry 237 

materials. 4>  ^  73t  M^.  3" 

uRire  buildings 70 

plate  girders.  112,  150,  X5«.  »52»  153.  «55. 
158 

purlins 4.  5^ 

rails  and  fastenings 139,  204.  208 

railway  bridges.  150,   151,  152,  I53.   154, 
155.  156.  157.  158 

railway  viaduct ,..,....  I58 

ridge  roll 24 

rooT  arches 13 

roof  covering 4 

roof  trusses 3»  55 

roofing 74 

sheathing 56 

slate /4i30i  56 

skylight  glass '. . . . .       4 

signal  bridges ....,.».•..  157 

skips 330 

snow 4t  69 

steel 69,  217,  384 

tiles 31 

tile  roofing 56 

timber 204,  208 

trestle  towers 158 

tin 4 

wrought-iron 69 

Weight.  Stress  due  to 57,  I42,  222.  589 

Wheel  guards 138,  1 77,  20«,  281 
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Wheel  loads,  153,  162,  163,  164,  165.  166,  167, 
168,  169,  170,  171.  172 

Whipple  truss 109 

White  lead 514 

Wind  bracing 97,  98,  100,  loi,  102 

loads,  5,  56,  71,  72.  X03,  140,  205,  209.  379 

shake 278 

stresses,  76,  78,  141,  209,  327,  379,  553,  556, 

589 

Width  of  angles 41  x 

Windows,  8,  36.  37,  38,  60,  96,  329,  422,  427, 

440,481,546 

Wing  abutment 245,  246 

Wing  wall 268 

Wire  glass 8,  38,  54,  60,  69 

netting 8,  28,  29.  52,  53,  59 

„  rope 341,  440,  443,  444.  480 

Wood  sash 36,  37 
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Wooden  doors 43,  45,  60 

floor 8,  34 

trestle 277 

Work 528,  535 

Winch 442,  443 

Wrench 453,  455,  461 

Wrought-iron,  65.  69,  215,  297,  487,  489,  491, 
492 

X-brace 277 

Yellow  pine 298 

Yield  point 528 

Zees 417.  418,  514 

Zinc 5'^9 

Zinc  paint 514 
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This  Is  the  second  edition  of  a  well  known  Urnti«\  which  has  already  met  with  well 
deserved  appreciation  among  engineers. — Engineering  and  Mining  Joumat,  Nov.  17.  1906. 

The  main  impression  we  have  derived  from  a  survey  of  llie  contrnts  of  this  book  ia 
that  it  [3  of  a  !iound  practical  character. — Mechanical  Engineer  Oxtndon]. 

The  first  edition  of  this  book  was  iMued  in  19OJ.  It  was  promptly  received  with 
favor  by  engineers  because  it  stipptird  for  the  first  time  a  sysleinatic  treatment  of  the 
details  of  American  steel  mill  buildings.  Valuable  information  vt-as  published  regarding 
cost  analysis  of  such  structures  that  is  not  generally  available  to  engineers,  especially  to 
the  younger  ones  outside  the  estimating  departments  of  bridge  worL's. — Professor  H.  S^ 
Jacoby  in  Engineering  ^^nvi. 
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COMUEKTS  OF  THE  PRESS. 

Those  familiar  with  Professor  Ketchum's  book  on  Steel  Mill  Buildings  wfll  welcome 
this  pioneer  treatise  on  bin  design,  which  is  characterized  by  the  same  thoroughness,  clear- 
ness and  logical  and  systematic  arrangement*  displayed  in  the  former  volume.  ...  A 
valuable  feature  of  the  book  is  to  be  found  in  the  tables  of  costs  of  actual  structures  which 
arc  included  wherever  possible  and  analyzed  so  thoroughly  as  to  be  of  the  greatest  assistance 
and  value.  For  practical  data  and  scientific  and  theoretical  accuracy,  Prof.  Ketchum's 
book  can  be  recommended  to  the  student  and  practicing  engineer  alike. —  The  Engineering 
Magazine,  November,  ipo?* 

This  book  will  be  welcomed  by  the  constructing  engineer  as  the  first  authoritative 
and  elaborate  contribution  to  technical  literature  on  the  perplexing  subject  of  the  design 
and  construction  of  coal  and  ore  bins.  .  .  .  The  portion  of  the  book  which  relates  to 
coal  and  ore  bins  is  the  largest,  and  this  will  make  it  appeal  especially  to  mining  and  metal- 
lurgical engineers.  They  will  find  the  admirable  study  of  retaining  walls  to  be  scarcely 
less  useful. 

Professor  Ketchum  is  well  known  as  the  author  of  "The  Design  of  Steel  Mill  Build- 
ings," which  won  high  appreciation  because  of  its  eminently  practical  character.  His 
present  work  is  one  of  the  same  order,  and  will  take  a  high  place. — The  Engineering  and 
Mining  Journal,  June  S.  I907< 
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COMMENTS  OF  THE  PRESS. 

Professor  Ketchum  has  done  the  profession  a  real  service  In  presenting  to  dvll  en* 
gtneers  and  students  this  masterly  and  complete  work  on  highway  bridges.  The  author 
has  a  plain  way  of  getting  his  Ideas  before  the  mind  of  the  reader. — Ernest  McCoIlough,  la 
The  Contractor,  Dec.  i,  1908. 

The  rrputatJon  for  practical  book  wsitJng  estaliUshcd  by  the  author  In  "The  Design 
of  Steel  Mill  BuildinKH**  and  "The  Design  of  Walls.  Bins  and  Grain  Elevators"  is  upheld 
In  his  most  recent  work.  Altogether  we  <Iu  not  know  where  bridge  designers  can  find 
<^»ewherc  so  much  good  practical  Information  as  is  given  them  in  this  book, — Enginegring 
Contracting,  Dec.  3,  190H. 

Altogether  ih^  work  embodies  a  fortunate  blending  of  the  rational  with  the  tboroiistily 
pnctkal. — Journal  ojthe  Franklin  InUituie.  Jan.,  1409. 
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COMBCENTS  OF  THE  PRESS 

It  is  a  pleasure  to  record  the  publication  of  another  book  by  Professor  Ketchum. 
His  books  are  always  examples  of  what  technical  treatises  should  be,  and  this  volume 
is  no  exception  to  the  rule.  Thia  volume  is  a  self -contained,  concise  and  valuable  text- 
book for  the  student  or  structural  engineer  who  wishes  to  become  familiar  with  the 
design  of  mine  structures. — Canadian  Engineer,  July  4,  1923. 

This  is  a  new  book  in  a  field  never  previously  covered  in  a  satisfactcny  manner. 
The  various  subjects  described  and  illustrated  are  based  on  good  practical  working 
plants  and  make  them  particularly  valuable  for  reference.  The  author  is  to  be  highly 
commended  for  producing  so  useful  a  book. — Mining  and  Scientific  Press,  July  6,  191  a. 

So  far  as  we  are  aware  this  book  has  no  counterpart  in  recent  technical  literature. 

—Mines  and  Minerals,  July,  1912, 
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The  object  of  the  authors  as  stated  in  the  pri^face,  is  fimt  "to  provide  a  simple  and 
comprehensive  text,  detiigncd  to  antici[>ate.  rather  than  replace,  the  usual  elaborate 
treatise;  second,  to  bring  the  student  intcx immediate  familiarity  with  approv(^d  surveying 
methods;  third,  to  cultivate  the  student's  skill  in  the  rare  art  of  keeping  good  field  notes 
and  making  reliable  calculations." 

In  this  the  authors  have  succeeded  admirably.  As  a  pocket  guide  to  field  practice 
for  students,  probably  nothini;  better  lias  been  produced.  Especially  arc  the  instructions 
In  regard  to  keeping  field  nolca  to  be  commended.  Many  engineers  have  found  that  it 
has  taken  years  to  obuin  this  art,  so  generally  neglected  in  the  work  of  engineering  schools. 
^Journal  of  WesUm  Society  of  Emiineers. 

The  scope  of  the  book  is  large,  and  the  various  subjects  Included  are  treated  not  la  a 
descriptive  but  in  a  critical  manner.  The  book  \r.  well  arranged  and  in  written  in  a  clear 
concise  manner,  which  should  make  its  study  easy  and  pleasant. —  Engineering  Sevs, 

It  gives  the  student  just  the  information  be  needs.  The  book  is  a  gratifying  Indication 
of  llic  importance  attached  to  the  cultivation  of  lutbits  of  neatocss  and  celerity  in  the 
authors*  mctluxls  of  instruction. —  Engineering  lUiord. 
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